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Ibis report describes the coordinated Department of Defense (DoD) re- 
search and technology efforts needed to meet the goals of the President's 
Strategic Defense Initiative (SDI). It ia in response to various Congres- 
sional requirements, including Section 1102 of the Departments Defense 
Authorization Act, Fiscal Year 1985, (Public Law 98-525, October 19, 19S4), 
and the Report on the Department of Defense Appropriations Act, Fiscal Tear 
1985, of the House Committee oc Appropriations (House Report Ho 98-1086, 
October 10, 1984), This report has been coordinated with the appropriate 
Departments and Agencies of the 0,S. Govenaent. 



Ibis report encompasses the plans for current and future efforts by the 
DoD to achieve the goals of tbs SDI. It describes the Strategic Defense 
Initiative Program executed by the Hilitary Departieats, Defense Agencies and 
the Strategic Defease Initiative Organisation (SDIO). The basic program is 
applicable to all SDI supported research and technology efforts leading to 
decisions on whether or not to isplesent a defensive strategy and pursue der 
velop*5flt of promising architectures for defense against ballistic missiles. 
This plas is designed as a basic tool in coamtmicating a broad overview of 
the SDIO Program to non-SDIO agencies and groaps. 



SECTION II 
BACKGROUND 



a* ihiiial definition efforts 

In March 1983, the President called for an intensive and comprehensive 
effort to define a long-tent research program with the ultimate goal of 
eliminating the threat posed by nuclear ballistic missiles. Two study teans 
were established, the Future Strategic Strategy Study (FS ) Teaa. and the 
Defensive Technology Study Team (DTST) . 

3 
* The FS teaa exaained the potential role that defense against 
ballistic aissiles could play in the future In enhancing U.S. and 
Allied security* 

t Ihe DXSX defined, in 3 Technology Plan, a long-tera research and 
development program aimed at an ultimate goal of eliminating the 
threat posed by ballistic nissiles. 

The DTS, commonly referred to as the Fletcher Study, concluded that 
powerful new technologies are becoaiing available that justify major new 
developaent efforts to provide future technical options for defense against 
nuclear ballistic nissiles. The study called for the structuring of a broad- 
based research effort focused on establishing technical feasibility, as op- 
posed to initiating systea level development. The reconasnded effort was 
structured to peralt a decision in the early 1990s on whether to prcceed to 
sys:e« level developnent. 

The PS , which paralleled the Fletcher Study, concluded that defense 
against ballistic missiles could Hake iaportaftt contributions to our national 
security. The study recognized that the exact nature of these contributions 
could not be resolved until sore is known about the technical characteristics 
and capabilities of defense systems. Nonetheless, the studies concluded that 
it was essential that options for the deployaent of advanced defenses against 
the ballistic missile be established and maintained. Such defenses could of- 
fer an entirely new concept of deterring nuclear war based on defense against 
attack rather than solely relying on retaliation. Equally Important, the FS 
concluded that research, acts as a hedge against Soviet success in this field. 
Finally, FS identified criteria for treaty compliant research. 

B. ' FORMATION OF TEE STRATEGIC DEFENSE INITIATIVE PROGRAM 

In January 1984 v a research, prograo basejdgm the Fletcher Study was 
established as the Strategic Defease Initiative. The SDI Is a conptehensive 
program established to explore and demonstrate key technologies associated 
with concepts for defense against ballistic missiles. The Defensive Tech- 
nologies Study (DTS) was used as a general guide for Initiating the program. 
Principal enphasis was placed on technologies involving nonnuclear kill con- 
cepts. (Research 00 nuclear directed energy weapons is undertaken to de- 
velop an understanding of the potential of this technology and as a hedge 
against Soviet work in this area.) 



Specific research efforts were organized In five areas: 

• Surveillance > acquisition, tracking, and kill assessment (SATKA) 

• Directed energy weapons (DEW) technologies 

• Kinetic energy weapons (KHJ) technologies^, "f 
c Systems concepts;, battle management (SC/JBH) 

• Survivability;: lethality;- and- key technologies (StKE) 

,;," V .- ''.'.;'.' t -, 

Hie DTST, after identifying the technology activities needed«to deter- 
mine that a robust defense against a responsive ballistic missile threat: 
is possible, projected the .cost and schedules for two programs: 

• A funding-limited program that proceeded at a rate supported by 
the Service and Agency funding allocated to the programs that 
predated SDI and were subsumed into.it, and 

• A program that proceeded at a technology-limited pace to provide 
the opportunity for decision in the early 1990s. 

Ihe technology-Halted pace was selected. 

For this technology-limited, pace the DIST recommended $2385 million for 
the first-year of LtU^^^9^^-^.4si^li^^^m -^ifi 1985 , 
budget .request - : i^.t$^P^^«i£^tl4^' T H^w^^^^ ■^ 7 77 ; 1 "ft?4*" 1 - **Jt* a 

plaining to reach the DTS teaweridedpace iii e£ 1986, 

C. ACCGHHODAHKG FY 1985 BBSOPRCS COTS 

In the FY 1985 Appropriations. Conference "Report (98-1159), the conferees 
of the House and,.the Senate.agreed to a general -reduction for the SDI program 
from -the President's" budget "request, of $1777 tSliin. to $1400 million. After 
careful consideration, of the alternatives,. thft.Strategic Defense Initiative 
OrgaM^ipa reallocated : : ;^ L «^a^..fii^^aJB^.tMiiBt^M to, 
vadaiaiae 'the negatlve?ef f ect^of ;the reduction , on tfe, overall" goals and objeV 
fives of the"program.'i A^pr^^.x^terion.mlBd "1^ the SDIO 'In reallocating 
resources Has that technological questions must be provided with. answers 
based on solid research in order to permit a valid assessment of the Ml 
potential of defensive systems.. In making the adjustment necessary to met 
the appropriation by Congress, the SDIO applied an overall strategy to aain- 
tain as best as possible the program goals, time lines, and tasks described 
to Congress in 1984 testimony. This reduction logic, first, ensured that in 
FY 1986 the program will be in a posture to reaohj.the pace and scope planned 
at the program's inceptiOQ^;A«!effort^B^iaWco minimize the cost impact 
oa existing programs. Then, major adjustments were implemented , on certain 
programs Inherited by the SDI that needed to be restructured to satisfy SDI 
needs. For most new starts implementation was delayed. For existing pro-: 
grams the SDIO frequently either delayed prograt eahancenents or stretched 



out or temporarily Interrupted the flow, when it was possible, without inter- 
rupting continuity. Finally, some prograas were contiaued at the planned 
pace, because they are fundamentally important to the decisions that must be 
Bade in these early stages of the program, 

While the DoD was generally successful in/meeting its overall strategy, 
achieving- the planned funding levels in FY. 1986 has become much more impor- 
tant if the program is to continue the goals, time lines, and tasks of the 
SDI. Since FT 1985 ia the first year of the Initiative, the SDIO was able to 
minimize program delays by slipping new starts on a month-by-month schedule. 
In making these adjustments, the SDIO was cognizant of the fact that slipping 
efforts completely into the next fiscal year is often unwise, because poten- 
tial, continuing resolution constraints and the normal contracting process 
could add. several months of additional delay. 

Reallocation difficulties were exacerbated by the fact that the FY 1985 
reductions were significant (21?) . 'Hie SDIO was reluctant to ait back those 
programs which are not only a necessary part of the SDI, but also are re- 
quired for other programs (such as improved missile attack detection and 
warning programs). The FY 1985 reductions ware clearly detrimental. 



SDI GOALS, DEFENSIVE OPTIONS AND TECHNICAL OBJECTIVES 



Deterrence of nuclear war is the cornerstone of U.S. national security 
policy. Achieving a loag-tera, stable deterrence in the face of a growing 
nuclear threat has been, and will continue to be, a major foreign policy 
and military objective of the Bolted States. Since the 1960s*, U.S. strat- 
egy for maintaining that deterrence has been to field offensive nuclear 
forces that ate capable of effective retaliation after absorbing a first 
strike directed at those forces . 

If the large current Soviet investment in both offensive and defensive 
capabilities continues, it could destroy the foundation upon which the 
policy of deterrence has rested for several decades. The President, in 
establishing the Strategic Defense Initiative, recognized these trends and 
saw new opportunities in emerging defensive technologies to enhance deter- 
rence and stability, 

B. GOAL OF THE STRATEGIC DEFENSE INITIATIVE 

The goal of the SDI is to conduct a progress of vigorous research, fo- 
cused on advanced defensive technologies that nay lead to strategic defease 
options that could: 

• Support a better basis for deterring aggression; 

• Strengthen strategic stability; 

• Increase the security of the united States and its Allies; and 

• Eliminate the threat posed by ballistic ntfssiles. 

The SDI seeks, there! ore, to esploit eaerging technologies that nay. provide 
options for a broader-based deterrence by turning to a greater reliance on 
defensive systeas. 

Since the President's speech in 1983, many have atteapted to interpret 
what Ms vision entailed and what the SDI was expected to aceoaplish. Con- 
trary to conflicting reports, the goal has not changed but has, la fact, 
remained consistent with the direction outlined by the President. The 
driving force behind his concept is freeing the world from the fear of 
nuclear conflict. It should be stressed thac$he SDI is a research program 
that seeks to provide the' technical knowledge* required to support a deci- 
sion on whether to develop and later deploy advanced defensive systems. It 
is not a program to deploy those systems* All research efforts will be 
fully compliant with U.S. treaty obligations. 



C. SDI PURPOSE AND POLICY 

The President's Strategic Defense Initiative , (a White House pamphlet 
dated January 1985) , makes clear the purpose of the SDI research program and 
the policy under which it is to be conducted. The purpose is described in 
the following way: 

"The President' announced his Strategic Defense Initiative 
(SSI) in his March 23, 1983 address to the nation. Its 
purpose is to identify ways to exploit recent advances i* 
ballistic aissile defense technologies that have potential 
for strengthening deteKcence^and thereby increasing our 
security and that of our Allies. The program is designed 
to answer a number of fundamental scientific and engineer- 
ing questions'' that must be addressed before the promise of 
these new technologies can be fully assessed* The SDI 
research program will provide to a future President and a 
-■ future Congress the technical knowledge necessary to sup- 
port a decision in the early 1990s on whether to develop 
and deploy such advanced defensive systems." 

"As a broad research program, the SDI is not based on any 
single or preconceived notion of what an effective defense 
systemwould- look like. A number of different concepts, 
- i involvings a widerange of technologies,-' are being examined. 
Ho single concept or technology has been identified as the 
best or the most appropriate. A number of nonauclear tech- 
nologies hold promise for dealing effectively with ballis- 
tic missiles," 

The stated policy for conduct of SDI is' described as follows: 

"As directed* by the President, the SDI research program will 
be conducted : in*a manner fully consistent with all U.S. treaty 
'--- ' L -obligatic^pinciuding the- 1972 AIM Treaty.. -The ABH Treaty 
. -'■ ? - prqhiMt^the development, testing", ; ani : deployment of ABM 

systems and components that are space-based, air-based* sea- 
based, or- mobile land-based. However, as Ambassador Gerard 
Smith, chief U.S. oegotiator of the ABH Treaty, reported to 
the Senate Armed Services Committee in 1972, that agreement 
does permit research short of field testing of a prototype ASH 
system or component. This is the type of research that will 
' be conducted under the SDI program." 

D. BKfTCHISG DEFENSIVE OPTIONS''.' itft - F*^ 



The U.S. is taking steps necessary to vadetwrite stability in the near 
term via the President's strategic modernization program of offensive forces 
and our complementary arms reductions negotiations. Evea as this is done, 
the nature of stable deterrence in the future oust also be considered. In 
looking to this future, it is instructive to consider the experiences of the 
past. It has been alleged that the introduction of defenses into our overall 
strategic mix would overturn the principles of deterrence that have worked 



for 35 years. This thesis not only fails to take the history of the nuclear 
age into account but also rests on an inaccurate definition of the concept of 
deterrence, For the first four years of the nuclear era, the U.S. had a 
monopoly and was invulnerable to nuclear attack. For the next ten years, the 
only Soviet nuclear weapon delivery capability that threatened the U.S. was 
the bomber, and the O.S. maintained an extensive air defease network against 
it. Air defenses were deemphasized with the. advent of Soviet ballistic ads- 
Biles. It Bade little sense to defend against bombers when the major threat 
faced by the U.S. became the intercontinental ballistic fissile (ICBK)-a 
threat against which we had no effective defense. Since then, aany have come 
to view deterrence solely in terns of offensive capability. Bit strategic 
defenses offer the hope for creating a better, more stable basf% for deter- 



In pursuing strategic defenses, the U.S. goal has never been to eventual- 
ly give up the policy of deterrence. With defenses, the U.S. seeks not to 
replace deterrence, but to enhance it. Furthermore, the United States does 
not view defensive measures as a means of establishing allltary superiority. 
Because the U.S. has no aabitions in this regard, a deployment of defensive 
systems would most usefully occur in the context of a cooperative, equitable, 
and verifiable arms control environment that regulates the offensive and 
defensive developments and deployments of the United States and Soviet Union. 
Of course, if -a shift were made to a different and enhanced basis for deter- 
rence, careful consideration must be given to preserving a stable enTiron- 
meat. There are no plans to place U.S. reliance on new capabilities until it 
is known- that they can work. That is shat the SDL is all' about— answering 
the fundamental scientific asfi engineering questions that-must be addressed 
before the promise of these new technologies can be fully assessed. 

E. ACHJEVfliS A T£CHSICAL CA?ABIUTx~ 

If the SDI Is to offer a high confidence basis for decisions to pursue 
one cr more defensive options, the research program anst do- several things. 
It must conduct a broad-based research effort that expands and accelerates 
the progress of the relevant technologies. It cnst identify and evaluate the 
potential effectiveness of candidate ballistic missile-defenses that could be 
assembled and deployed from those technologies. It must provide a basis for 
shooing how those defense options cao be operated and maintained to do the 
job* Finally, ail research activity must be conducted in accordance with 
applicable U.S. treaty obligations. (See Appendix B for compliance of the 
SDI with the AM treaty.) 

To achieve the aajor SDI goal, the SDIO must bring along the emerging 
technologies in a logical, timely way iu this the initial stage of the SDI. 
The overall research task is expected to bringjjhe technologies to maturity 
in three developmental thrusts*' Mrst^-the^SsT mature technologies need to 
be validated to provide initial options based on defense architectures that 
are affordable, survivable, and effective. A decision to proceed to this 
'initial step would Implement a defense against the threat the U.S. believes 
will be In place at least until early In the next century. Alternatively, 
the decision could be to reserve these options as a simple hedge against 
Soviet breakout and deployment of a defense against U.S. ballistic missiles. 



Second, the long-term viability of future defensive options needs to be en- 
sured by demonstrating the feasibility and readiness of technologies to 
support more advanced defense options* And third, research needs to be 
conducted that encourages the innovation by the B.S. scientific community in 
arresponse to the President's challenge to aid SDI. research in ; Identifying 
sew approaches for eliminating the threat' of ballistic missiles. 

■, To support future decisions on defensive options* diverse efforts pro- 
ducing essential answers to critical issues mist converge. Affordable 
ballistic missile-defense architectures Bust be identified.. .The technical 
feasibility and readiness for- development of survivable and costfreffective 
systeas capable of netting and sustaining, the. performance needs <jf the 
architectures must be established. The doctrine and concepts of operation 
for applying the system elements of the preferred architectures must be 
formulated; Practical paths for implementing, the strategy and deploying the 
needed defenses I'd the context of foreign relations and arms control must be 
defined'. 

F. THE TECfflgCftL_DEV5JPffiHT PACE 

A notional schedule for research and possible development and deployment 
would be comprised of four phases; 

• The researcirprogram, begun by the President in his- 1983 Initia- 
tive,, mould ran into; the. early 1990s when decisions could be made 

: . fcy-a fature. President asd. Congre5S-.on mheth.er.or not to enter.istp 

•*■•;- - system*: deveBpmeiit.- This ; research activity mill be conducted ■.-■ 

within the -constraints of our .current treaty commitments. J 

• The systems development or rnUrscaie- development phase could 

- ' begin as early as the 1990s, assuming a decision is made to go 

ahead. ..During this period prototypes of actual defensive system 
components mould be designed, built * and demonstrated. 

* .. .A transiuon.phase would be a period;of incremental, sequential 

deployment of.;defensive:systems.-_ ?hls -phase could be-deslgned so 
. that each added increment would further enhance deterrence: and 
reduce the rislt of nuclear war. ■ -.- 1 ■ - 5 '-. . ■■ -. ; ' , ■ 

* The final phase would be a period of time during which deployment 
of highly effective, multi-layered defensive systems would be 
completed and during which ballistic missile force levels could be 
brought to a negotiated nadir. ■ - ■ 

As a research program, SDI is focused on the firgt phase to bring defense 
options to the point wherev^*'vleaders, ; afte»^ohsultatiott with the Allies, 
could make decisions on whether or not to proceed to the system development 

phase and subsequent deployment. 



SDI narks a departure in the O.S. approach to defense against ballistic 
missiles in that it is examining the feasibility cf a system that could en- 
. gage ballistic aisslles and warheads along their entire launchrto-Xrapact 
trajectories and support a defease of a wide range of assets, loth military 
and civilian. la order to provide a basis for future SDI technology devel- 
opment, all the functions that a multi-layered defease systea must possess 
need to be recognized, and the required performance at. the component level 
needs to be assigned. These component characteristics and required perfor- 
mance are based on estimates of present and future threats to be defended 
against and judgments of possible near- and far-term responses to a U.S. 
Strategic defease deployment designed to limit the effectiveness of such 
deployments. This brief section provides a discussion of the approach the 
SDIO Bill use la providing a coaprehenslve and impartial assessment of the 
evolution of the responsive threat. 

B. DEFINHiG A SESPOKSHS TBB&T 

The methodology to be used in def ining-a responsive threat is a ^reite- 
rative process (asjgrapMcally depictedlin Figure *IV J). ?Hrst?ehe, pre- 
sent estimates of-capaiility in ballistic lissHesirand treads itf upgrading 
force structures represent a significant investment in national resources 
fay an adversary. Such "an investaent sill wst likely not be abandoned "nor 
sill current ccmitments to enhance ballistic missile capabilities be aban- 
doned to respond to aa undefined O.S. defense based on Boat the u%S. can 
achieve sich technology that can he developed in the near tern. ■ For^ tbis_ 
reason, the first task sill be to define a series of defense architectures 
against the currently projected threat as a basis for subsequent counter- 
neasure/counterxouBteraeasnre analysis. Defense against current and neat- 
term threats is : Eot a trivial problea, and it sill require the development 
of a broad range of stressing defensive technologies. . By focusing 'on the 
near term, more advanced defense systems can be "derived from architectures 
that are based on the minimum uncertainty in the threat and its character- 
istics. In addition, these architectures will he based on the minimum 
technological thresholds that must be exceeded if the defense systea is to 
be viable. As a. result, technically non-responsive system candidates can 
be rejected early. Finally, sufficient diversification of scenarios trill 
be employed to explore fully the influence of attack strategies and tactics 
on the technical" evolution*of .the SDI. ^^gjpi. 

The reference architectures will then, based on O.S. understanding of 
an opponent's military doctrine, be used to identify potential responses 
and their impact on the architecture's performance. Effective responses 
will be evaluated for technical feasibility, capability of the adversary's 
existing technology base to support it, the development of additional capa- 
bilities, and the development time frame of an evolving responsive threat. 
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Figure 17.1. Responsive Threat Methodology 



This first generation responsive threat can then be used to identify defen- 
sive architectures to overcome it. The responsive threat methodology can 
be processed again to refine SDI architectural capabilities such that the 
technology pace and required resources of the defense and this response 
favors the defense* 

The ballistic missile threat of interest consists of ICBHs, SLBHs, , 
KBHb, HRBKs and SRBHs— intercontinental, submarine-launched, intermediate- 
range, medium-range, and short-range ballistic missiles— that could be 
targeted against the United States and its 4 lies * 0™ thegext 20 years, 
the Soviets are expected to introduce qualitative improvements' to their 
ballistic missile forces which would allow them to increase further their 
offensive strike capabilities. If ballistic missile force levels with 
multiple independently targeted reentry vehicles (HRV) were no longer con- 
strained by arms control agreements, the number of Soviet ballistic missile 
warheads could increase to at least twice their current levels with only' a 
modest increase in the number of ballistic nissile boosters. While the 
U.S. pursues defensive technology development, there are a number of poli- 
tical and technics! approaches that might be used in an attempt to negate 
any such development and deployment of a defense against ballistic mis- 
siles, lo the near term, the Soviets night employ a concerted political 
and diplomatic effort, first to force the United States to drop or delay 
the plans of the SDIO or, failing that, to negotiate. them away. Over the 
long term, If the U.S. moves ahead with, plans to deploy a defensive system, 
the response mould depend on an adversary's expectations for the . U.S. de- 
ployment program. Responses that enhance an existing: ballistic- missile " 
capability could include: 

• Increasing missiles, warheads, and penetration aids in an attempt 
to saturate the defense; 



Seducing signatures of these systems and warhead deployment tech- 
niques and missile-basing scheaes that would take then less 
detectable; 

Hardening or modifiying ballistic missiles to reduce their vulner- 
ability to defensive weapons; and 



weapon systems and attack options to attack the 



Since this range of potential.respoases is$r$B> and since the time scale of 
the proposed SDI effort extends beyono'-'aoyone's. ability to make accurate 
forecasts, no great precision in evaluating a potential adversary's course of 

action can be claimed. 

At the same time, threats postulated as a response to defensive architec- 
tures must be credible and could require major development and revisions to 
the current threats. Many changes are much more easily envisioned than put 



into operation. Many of tbe responses postulated so far ate unproven, will 
require nontrivial R&9, and night have a deleterious, and possibly unaccep- 
tably adverse impact on the offensive capability of the missile force. 

^ Finally, consideration aust be given to techniques to negate directly 
any B.S. defense force. The defense suppression threat consists of those 
military, efforts that will be seeking to, suppress the U.S. strategic defense 
force by lethal and nonlethal techniques. Such techniques range from simple 
but massive brute-force measures to more sophisticated and subtle methods. 
■ It is likely that a defense suppression threat could evolve from today's 
techniques and such a threat would be detectable during development and 
testing. ' ". * 

Defense suppression, attacks should be considered In tents of their over- 
all strategic implications. For example,. attacks against orbital elements 
of the U.S. defense force wouH have different^ Implications than attacks on 
pound-based elements" which could be considered to be an attack on the land 
masses themselves. Defense suppression attacks made on the U.S. defense 
force as a precursor to a strategic strike could significantly increase 
strategic warning time. Once the U.S. defense is in place, any attack on 
defended targets may entail allocation of a portion of the attacking force 
to defense suppression. Likewise, an attack against the U.S. strategic 
defense force shicb requires a large percentage of the adversary's strategic 
offensive strike capability cannot be considered realistic, as it would 
divert essential strike resources from 1 other mission objectives. . 



SECTION V 
FUNCTIONAL RELATIONSHIPS OF A DEFENSE AGAINST BALLISTIC MISSILES 

A," QTERVgg 'OF THE .PEFEHSE EHTOtONMEHT 

A typical ballistic missile trajectory can be divided into four phases: 

* * A boost phase when the first and second stage' engines* ate burning 
and offering intense, highly specific observaoles; * 

i A post™boost phase, also referred to as hus deployment phase, during 
which multiple reentry vehicles (RVs) and. penaids are being released 
from a post-toost vehicle (PBV)'j 

* A midcourse phase during which RVs and penaids travel on ballistic 
trajectories above the atmosphere; and 

• A terminal phase during which trajectories and signatures are 
affected by atnospberic drag. 

Short-range submarine-launched ballistic missile (SLBM) and Intermediate- 
range ballistic missile (IRBH) trajectories have boost and terainal phase? 
similar to ICBHs but; in most cases, have less extensive busing and midcourse 
phases* 

In a defense capable of engaging ballistic aissiles all along their 
flight path, certain key functions must be performed: 

* Sapid and reliable Naming of attack and release 'of defense assets 
for engagement. .This requires full-time surveillance of ballistic 
missile launch areas (potentially worldwide) to detect an attack and 
define its location, order of battle, and Intensity as a function "of 
time; determine likely targeted areas for confident Initiation of Che 

; .battle; andTprovide tract data for hahdoff to "boost-phase intercept 
; ' /"and post-boost vehicle tracking systems. "" " . . "'. 

• Efficient intercept of the booster and PBV. In perforaing this 
intercept and kill function, the defense oust be capable of dealing 
with attacks ranging froa a few tens of missiles to a massive, simul- 
taneous launch requiring 10 or more kills per second by the defensive 
weapons in the battle. In attacking FBVs, the defense prefers to 
attack as early, as possible to naxMgfc the number of RVs killed per 
&V kill and aih^nlze'tSe cutber"of%lcoys and penaids deployed, 

♦ Efficient discrimination in the post-boost and midcourse phases 
through bulk filtering of lightweight penaids. This Is required so 
that only expensive, spacer-consuming, heavy decoys stress the 
defense. 



• Enduring birth-to-death tracking of objects in the threat cloud. 
This is recuired to permit long and multiple observations for dis- 
crimination and kill assessment and to enable unambiguous handover, 
with small error rates, of £Vs to designated interceptors. 

• Lowcost intercept in 11 functions 
for a nidcourse weapon i of the assigned 1 target in 
the midst of a. large array of penaids and Junk, long-range delivery 
of the hit-to-kill vehicle to the vicinity of the target, terminal 
homing on the. target, and collision with the target so ^hat killing 
energy "is delivered^ Id the case'of'beaa weapons, pointing and dwell 
tine on the tatgefreplace hoiing. 

■ High endoatmospbiric terminal intercept^ The terminal intercept and 
kill function involves relatively short-range delivery of warheads 
with sufficiently high performance tii'permit destruction at altitudes 
- that-are-high enough to minimize damage on the ground due to salvage 
fuzing, A very fast interceptor is desired so that one can realize 
maxima benefit from .atmospheric filtering of penaids and junk fro« 
the threat cloud. Terminal homing and fuzing complete the required 
functions. 

*. Efficient and timely battle management, coKttinicatlons, and data 

processing to coordinate and/or optiaize u use of defense resources for 
effectiveness and for economy of force are key to "all. phases. 

e Timely kill assessment in all phases'/' 

It is generally accepted, 03 the basls^of many years of experience in 
applying air defense doctrine, study of 'defease against ballistic missiles, 
and experiments, that an efficient defense against a high level of threat 
would be a layered. defense requiring all of the capabilities summarized 
above. 'For eiample^.tbree" independent layers, "each' of which allows 10 per- 
cent leakage, for an overall leakage of 0.1 percent,are likely to be less 
costly than a singie^'layef tbit has the sMjleakigei .Also, 'in the pres-* 
ericejif boostrphase "intercept,' the attacks^ has^great uncertainty whether 
the most impbftint'taicgets will M attacked^ IbeciuBelhe has 'Jto' reliable way 
of .-predicting which boosters will be destroyed by the defense. ^This can be 
contrasted to the situation where only single coverage from terminal de- 
fenses exist and such defenses can first be exhausted and then the target 
attacked. The next few.paragraphs describe the factors that dictate the 
use of multiple,. complementary tiers. The discussion works backward 
through the ballistic missile trajectory to best illustrate ,the synergisms 
of a defense-iri-depth. ",!J 

The defended area of a fiifse interceptor is determined by 

how fast it can fly and how early it can be launched. Since terminal-de- 
fense interceptors fly within the atmosphere, their average velocity is 
limited. Bow early they can be launched depends on the requirements for 
discrimination of the target from penaids and accompanying junk and desig- 
nation to the interceptor. A requirement for independent discrimination 
delays launch of the interceptor and reduces the footprint or defended 
area. Moreover, since the terminal defense of a, large area requires many 
interceptor launch sites, the defense is vulnerable to saturation and 
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preferential offense tactics. Such structured, preferential attacks lead 
to a desire to complement the terminal defense with area defenses that 
intercept at long -ranges. Such a complement is .found in a ays ten foe ear 
atmospheric intercepts in the midcourse phase. 

Intercept outside the atmosphere forces the defense to' cope with decoya 
designed to attract interceptors and exhaust the force. Fortunately, 
available engagement tines are longer (approximately 1500 sec) than in 
other phases. This freedom iron the tight time lines in boost (150 to 300 
sec), post-boost (10 to 300 sec), or terminal (20 to 50 sec) phases 
strongly argues that a midcourse intercept system is an -important element 
in a comprehensive defensive capability. The midcourse system'must, how" 
ever, provide both early filtering of npnthreat objects and continuing 
attrition of threat objects if the defense is to minimize the' pressure on 
the terminal system. Since starting the defense process at midcourse 
accepts the potential of a tenfold to several hundredfold increase in 
targets fro* miltlple independently targeted reentry vehicle' {HKtV} and- 
decoy deployment, intercept before midcourse is attractive. 

For every booster with MIRV payloads killed, the number of objects to 
be handled by the remaining elements of a layered defense system is reduced 
by 10 to 100 or more. A very iaportant additional feature is that such 
kills also disrupt the highly structured attacks that stress terminal sys- 
tems. Ability to effectively respond to ait unconstrained threat* there- 
fore, is strongly dependent on the viability of a btwst-phise intercept 
system. However, as noted earlier, a _ bMstrphas'e sjBtem is. fa'ced with . 
extremely short engagement rises and' potentially large, nnmberg-pf targets. 
They dictate' a weapons system that' can deliver enough en'eigy~to each target 
in the limited available engagement time to ensure booster kill. ' 

The phase of flight where PBV operations occur is treated as a separate 
case. This phase is potentially rich in information that can be used for 
discrimination; As this phase of flight proceeds,' the leverage decreases 
as decoys and 87s are deployed. On the other hand, the post-boost phase 
offers up to 300 additional seconds for intercept by boost-phase weapons 
and maybe the only phase accessible after certain Soviet boost-phase re- 



-- The' natural and man-made phenomena and the required technology for each 
of these phases of a ballistic missile trajectory are different. Thus, it 
is useful to separate system concepts into these phases to discuss top- 
-level performance goals, identify broad technical approaches to achieving 
those goals, and identify key issues to be'resolved. The remainder of this 
section discusses thase topics in the 'context of boost, post-boost, mid- 
course, and terminal defense systems.. Thesp-dpicussions establish the 
basis for an investment str&tigy'aod .f or."an^lnaiysis of the technology de- 
velopment needed to realize defensfr-ia-deptb concepts. These development 
needs are covered in the next section. 

There is considerable overlap between phases, and some distinctions are 

made more for convenience in this discussion than because of major changes 



la either phenomenology or technology. Furthermore, in each phase of a 
ballistic missile flight, a defensive; system must perform the basic func- 
tion's of threat detection, tricjiag identification.,, intercept, destruc- 
tion, kill assessment, coordiaatl'ohi and self -defease. These functions can 
asnveniently be grouped under tire headings of surveillance; . target, acqui- 
sitloB'arid tra^ngr^ippa.poittti^aad/.ot guidaoce;,. and energy, delivery/- 
fclll aecha'aisie'^ * /^' !''."*,'.,", "" : ."„"" ■ V' ; ","."• '■ .- 

*•''" I^Cn'QHaL" HEEDS OF HE BbOST ?to' (BOOSTER 'iGNfflOft 10 INITIATION 0? 

■ post-boost vehicle QFEaAitons) ; ; ',.,. ,..^., * 

Functional" needs and pert prnance goals. for. defensive systems in boast- 
phase operaUoM/areJhighly/fliitive to assumptions, about the number of 
■targets to be "engaged'as a j^actfon of 'cinei an^/br' assumed target vulner- 
ability. The .first : assraptiptt J»unds the' performance of the surveillance 
and .target. Requisition system, th'e battle management and data processing 
system, and" the fire-control, or wapoa-^uidan'ce sensors,; The second 
assumption (target vulnerability) has a major impact on the performance of 
the weapon. Soth dictate the number of weapons required. Survival and 
endurance' of bOQst-;pha3e' systems caii be crucial. , . 1 

• S uty ^l l aiice. The requirement to detect launches and associate tar- 
get signatures with specific booster tracks is fundamental. Once 
launch -is [/defected,! the system must be capable of, handling large 
' numbers of_ "iidlviduai targets^ during' the B f ew hundred, seconds or less 
r, iv- • " "^ofibfoBj^pauV^ 

'* Jr "y sm aM' e^KlMckji^u^ couoter- 

"^ ' measMesJ."^"THs''s^'siurveilIaiice system, would- provide handover to 
themidcourse tracking system that Bust acquire" and track the PBV 
during Its saneuvers,. acd initiate birth-to-deatb tracking, 

/_. » ^"T a^ er&a j & siti^^^ Pointing or Beapo a Gui & n c e. Oace 

"■ """". the ijidiyidnal bqgster .tracks, have been-identifled,,. the battle 
r ^ management a^_jT. ^stem'.iiust' allocate individual targets, or groups 
-\ : * 6f*'^get^^ sensors on 

*** s ""~6r cibsely'cbupled" to that^platfora aast'then acquire and track. .the 
cool' body of .the. booster. ' The pointing accuracy required for this 
y > _ , function. canjw quite : 8tres8ing.for,,some.directed energy, concepts. 
'* ' It can 'be," relaxed for kinetic energy kill vehicles that -have ter- 
minal" homing and for some directed energy concepts, 

'* • " lfoer^'DeUyei^ must,..in. general, 

deliver from, a few to. tens of megajoules 6£ energy to the booster or 
I post-boost vehicle. ., Some .weapons ', concepts, attack targets serially 
'" using, avaiiibie bkt,t je^tipe to" moye£fJ|fL ( target to target. In such 
systems,, available : r"etarget ti&eMs'*qiiite limited if requited high 
kill rates are to be achieved. Other concepts engage, targets in 
parallel and do not require rapid retargeting. Some concepts in- 
volve physically bitting the target with a homing warhead that must 
• be terminally guided. Finally, one must sense, In near real time, 
whatever characteristic changes occur in the target that indicate 
that it has been successfully engaged. 



C. gUNCTIOHAL KEEPS OF THE POST-BOOST PHASE 

The dispensing phase of a post-boost vehicle (PBV) begins at the end of 
booster burn and ends for each RV or penaid as it leaves the PBV or "bus™. 
Accordingly, acquisition, tracking, and discr Initiation between RVs and de- 
coys and debris are key functions that begin is this phase and continue 
into the midcourse phase. Since the target is the PBV, the""target engage- 
ment and energy delivery functions are similar to those for boost phase. 

• Surveillance . At booster burnout, the large, maasive|infrared 
signatures of the plume are replaced by the modest signatures or 
intermittent post-boost propulsion and the PBV body. If groups of 
objects can be classified, if a track file can be established for 
each group, and if the state vectors can be handed over to a 
birth-to^death tracker, the difficulty of discriminating RVs and 
masked RVs from other objects in later phases will be greatly 
reduced or the' offense will be forced to use fewer, more complex 



Target. Acquisition, Tracking, and Pointing or weapon Guidance ^ 
The functional needs are essentially the sane as i'or boost phase 
with some differences. For example, precision pointing now oust 
be accomplished on bodies undergoing smaller but more frequently 
varying accelerations. While target signatures are mch 3 much 
smaller than in boost phase, they„should' be, large .enough, to sup- 
port long-range acquisition and tracking. - ■ 



* Energy-Delivery Kill Mechanisms . .One would probably use-boost- 
phase kill mechanisms in the PBV phase, although substantial 
differences in the -vulnerability of PSVs and boosters are 
expected. 

D. FOHCTIOML SEEDS OF THE MTDCOURSE PHASE ■ 

Midcourse defense is the process of detecting and destroying an RV after 
its deployment from the PBV and before it reenters the atmosphere. Acquisi- 
tion or handover, tracking, and discrimination are tae-keyjfMCtions-in con-* 
tinuing defense against ballistic missiles during- this phases With good 
discrimination, multiple engagement opportunities are available over the 
relatively long tine of flight, 

♦ Surveillance . An autonomous midcourse surveillance function re- 
quires sensors that detect all threatening' objects in the aid- 
course regime, rapidly reject as many decoys and as much debris as 
possible, precisely tirade reaainjj)ffic|edibk objects (RVs and 
heavy decoys), discriminate the" RVs, 'provide RV position and 
trajectory data of adequate accuracy for firing kill devices, and 
perform kill assessment. As in the PBV phase,- groups of objects 
must be classified, track files established, and state vectors 



Target Acquisition, Tracking, . and Pointing or. Weapon guidance , 
precision tracking of designated objects is required to provide 
the position of the target needed for intercept. This consists of 



trajectory predictions for battle aanagetaeat and handover to a 
midcourse hit-to-kill interceptor. In addition, position accuracy 
is needed for handover to acquisition, tracking, and pointing sub- 
systems of directed- energy weapons. 

* -'* KiU- Mechanisms . Since the targets (RVs) must be protected ■ 

against the beat and forces of reentry, they are inherently hard 
to thermal -and impulse kill mechanisms. For high confidence, kill 
mechanisms mist deliver a few tens of megajoules of energy to the 
target. The long duration of the midcourse trajectory (1500 sec) 
. ^offers-opportunities for multiple engagements even with fltodest 
interceptor velocities.' 

E. fPHCTIOKal SEEDS 0? TBE TEMPM. PEASE 

A terminal defense is sought which protects both urban/industrial and 
military targets against theresidue of an attack that has been engaged in 
all previous phases of its trajectory. Additionally, a terminal-defense 
element of a total strategic defense system could serve three separate but 
similar functions* It. could provide the final layer in a defense-in-depth 
system, stand-alone defense against depressed trajectory SLBMs, and stand- 
alone capability for defense of Allies, it is assumed in this discussion 
that terminal defease needs are defined to exploit the major increase in 
terminal' defense capability possible from the attrition and discrimination 
in the boost and midcourse elements of the system. 

The driving requirements for the terminal tier are survivable defense 
of targets, that'are easily damaged by nuclear weapons or soft targets 
(i.e., cities, industry j etc.) -'and an affordable system that can defend the 
entire United States. Defense of soft targets demands a keep-out altitude 
above which all SVs most be killed to prevent damage to such targets. The 
need to provide this keep-out altitude over the entire united States re- 
quires that the defense elements have large- footprints, I.e., the-area 
defended must be large in order to limit the number of elements needed for 
full coverage. -Uv ■ - ^ - : r ■■> 

." -j1*ks-. ^ Surveillance* ' -In order- to identify the small fraction of -lethal 
'iRTs.reachlng the terminal tier intact in the midst of a large 
■ number of objects detected, the terminal-phase system must acquire 
and sort all objects as they arrive in the upper layers of the 
atmosphere. The system must be able to use atmospheric filtering 
-to discriminate -against-reentry decoys and junk {i.e. spent PBVs, 
,:tankage;;SV-deployment hardware, and the debris created by de- 
struction of targets in the late boost phase and midcourse flight).. 
Such discrimination, actions will:be^6e^, where possible, on hand- 
overs from the nSdcourse*engagementsi Nonetheless, terminal de- 
fense must maintain, as an autonomous final line of defense, a 
separate surveillance capability while being able to use previous 
track files (if they are available) for efficiency. 

* Target Acquisition, Tracking, and Weapon Guidance . An Interceptor 
must be committed to each threatening object and given data to per- 
form, a "space-point intercept", i.e., it flies to its assigned 



point In space. On arrival at that point, the interceptor acquires 
its target on its seeker and holes to kill its target. Homing ac- 
curacies depend on the warhead used. In order to correct the 
seeker-handover error in the very short ttae available, the honing 
vehicles most have good Bheuver capability and very last control 
systea response. 

Intercept and Kill. The interceptor nut have very high accelera- 
tion and burnout velocity. For targets that require the intercep- 
tor to fly a considerable distance, the intercept sill take place 
near the required keen-out altitude. The high velocity of the in- 
terceptor peraits it to have a relatively large footprint (defended 
area). - 



SECTION VI 

PROGBAH OVERVBW 

a; the mstm_m tecbmoiqcy- tar) .pkogbah 

To provide the technological solutions needed, the SDI is exploring all 
facets of a layered defease. la pursuing the technology for such defeases, 
the SOI- seeks to: I 

4 

• Capitalize on the synergism derived fro* repeatedly engaging 
enemy ballistic missiles filth a mixture of weapons, enabling the 
progressive layers to work together to mitigate any weaknesses of 

the individual elements; 

- "" * " Exacerbate the uncertainty of a potential attacker in his ability 
to succeed in his attack by presenting him with a complex defense 



» Deny damage froa Halted ballistic missile attacks and Unit 
damage from full-scale attacks should deterrence fail. 

To succeed, the SDIO most understand a broad range of technologies in order 
to. determine their potential to perform the five- basic functions of anyde- 
;fen3e. As described' in the previoos' section, these f ive^fonctions are-per- 
formed repeatedly in the separate- engagements of ballistic missiles in:- 
their four phases of flight (boost, post-boost, midcoorsei and terminal): 

e Detection of the threat and alerting the defense. elements; 

* Acquisition and tracking of the threat to locate it in "tine and 
space; - ' '* ^ ' '-. 

* Idencificstion of the threatand dlscrimlnatiotr against decoys to 
ensure efficient allocation of the defense resources; 

• Interception and destruction of the threat; and 

• Assessment of the results of the engagement. 

To focus the SOI efforts, activities have been grouped, into five pro- 
gram elements. These -elements^ are designed to: CI) advance the technology 
base, (2) conduct experimental demonstrations .Unit validate the technology, 
and (3) conduct concept and,:^eve^opaent,def^lion efforts which focus the 
overall technology development on those critical issues that must Jbe tor 
solved to establish feasibility. 

The Surveillance ^ Acquisition, Tracking, and Kill Assessment (SATKA) 
Pro gram Element ' ioci&tes 3 mixture of some of the most and least mature 
technologies being developed by the SDIO, It includes technology base ef- 
forts £6 support surveillance, acquisition, tracking, and kill assessment 
that provide: ■(!) data- on the ooservables from ballistic missiles and their 



warheads, (2) new radar and optical sensors capable of obtaining detailed 
imagery of warheads and varhead deployment, and (3) on-board signal and 
data processing capable of performing -necessary coaptations right at the 
sensor. The experiments include three general classes: boost-phase sur- 

"velllanc£, mldcouree tracking, and terminal-phase tracking and discrimina- 
tion. Space-based surveillance experimmt«\arfe planneS for: the early -1990s 
to demonstrate mrvtoable means" of'detectlng' and' tracking" boosters from 
very high- altitudes to/space. Otier space-Aased sensor experiments are to 
le-conducted in:the/sps;time frame ;to explore our ability to track tens of 

■ thousands of objects daing mldcourse flight. Such platforms may ulti- - 
mately Include artive; sensors to aid in discrimination. A sensor experi- 
ment Bill-determine the feasibility of using optical sensors to aid in 
target discrimination, A fstmlaal imaging -radar- experiment Is planned to 
demonstrate rapidly evolviag ground-based ;radar capabilities. 

The Directed Energy Weapons (PHfl Program Element Is advancing the 
state-of-the-art -in the lechrolcgies for: (1) -high poser laser and par- 
ticle beam generation, (2) optics and sensors for correcting and control- 
ling tie high power beam, (3) large, lightweight mirrors and lightweight 
magnets for focusing fiffi beam on the target, (4) precision acquisition, 
tracking; and pointing to put and hold the beam on target; and (5) fire 
control to capitalize on those ratine, features of directed energy weapons 
such as the ability to measure and control the energy delivered to the 
target. -Ihe-jauechnologytprosram includes major-experiments at the sub- 
component levefcli^theifatmcoacepts -currently, helogiexsmlned: -space-based 
-lasers; gronnd^baseaVlasers; :spacerbased;particle^ieal3, and .nuclear-driven 
directedteaargyo.'These co2cepbTaxe-rcandldstesifo i r^boost--and-po3t-ooost- 
phase intercept .and for discrimination functions-la the other phases. .In 
addition, selected subcomponents for these concepts will be integrated in 
on-the-ground experiments designed to testrfnterface approaches and resolve 
technical issues arising from the integration. The work on nuclear-driven 
directed energy is. largely pursued by thelspartment.of ^Energy and Is de- 
signed to establish Its technical feasibility. Equally Important, the work 
ensures that the U.S. understands the potential Impact of these emerging 
concepts:!! thejswerie;to'be:used against It by an adversary. It.should he 
reiterated thafcemphasis^initheSDI programrls being given to- nonnijclear 
weapons -f^r defense. 

The Kinetic Energy Weapons (KEB) Program Element Is a collection of 
related research that would make use of the very high velocity o£ a small 
mass to render a ballistic missile or Its warhead ineffective. The m 
program^ contalns.some ofcthe more mature technology.being Investigated in 
the SDI. Efforts include interceptors- and; hypervelocity gun systems for 
boost-phase intercept, midcourse intercept, terminal intercept, and defense 
of space 'platforms. -■Bothssoace-bated-andigja^d-based kinetic kill vehi--* 
cles KKB are being Investigate'd'. Toi-teiSabiogy thrusts for the space- 
based- KK? include research Into a nigh performance-multiple kill vehicle 
(UK!), fire control/guidance, and booster propulsion. Ground-launched 
interceptor studies Involve both exo- and endo-atmospherlc kill. Both 
space- and ground-based electromagnetic (EH) gun investigations are in- 
cluded. Space-based Eh* gun investigations include critical technologies 
such as high-g propulsion, hlgh-g compact structures, long-range high 



resolution tracking, and multiple MKV tracking. All of the experiments 
will be designed and conducted to conform to ABH Treaty constraints. 

the Survivability > Lethality, and Ray Technolo gies j SLCT)' .Prograi t 
Element provides critical supporting R&T, Uaderstandlng the. vulnerability 
of ballistic foissiles to the various kill mechanisms is fundamental to 
assessing their effectiveness against current and responsively hardened 
targets. Survivability to mission cOtfaletion, particularly of any defense 
space assets, is fundamental if defensive options are to be viable. Eco- 
nomical space transportation, on-^orblt logistics and aaintenaote, kilo- 
watt/megawatt sources of power, and multi-megajoule energy stoAge and' 
conversion are potentially kp.y needs in an affordable defense deployment. 

Lethality and target hardening efforts sill provide the basic theory 
underlying kill mechanism/ target Interactions, the resulting damage and 
response of the target to damage, and. fundamental limitations in hardening 
countermeasures. The survivability problem includes substantial technology 
development, particularly in the case of space-based components. It also 
includes identification and assessment of innovative survivability hardware 
and tactics and evaluations of the survivability of conceptual designs- 
Space transportation, logistics, and space power efforts are designed to 
take advantage of existing DoD and NASA definition efforts and to expaad 
then Into the definition phase and satisfaction of the more demanding re- 
quirements of a defense-in-depth. 

The Systems Concepts/Battle Kanageaent 'Program Element isijesigned to 
allow Intelligent choices among competing approaches to defense architec- 
tures and to develop the technologies necessary to allow eventual implemen- 
tation of a. highly responsive, ultra reliable, survlvable, endurable and 
cost-effective battle Management/command, control, and communication (C ) 
system. Threat analyses, mission analyses, conceptual design of defensive 
architectures and performance requirements definition; and system evalu- 
ation for all levels of a layered defense against ballistic missiles sill 
be performed. The battle manageaent/(T efforts sill proyide^the tools, 
methods, and components (1) for development and eventual implementation of 
the system and (2) to quantify risk and cost of achieving such, a system. 

I nnovatiye j d tgn c g; and technology (ISST) , as the third developmental 
thrust (Identified in Section III E) , encourages the innovation of the 0.S. 
scientific community to aid SDI research ia identifying new approaches. 
To this end, the Strategic Defense Initiative Organization is soliciting 
innovative, advanced technology proposals from s mal l businesses and the 
academic community. 

B. STATUS AMD PROGRESS ■■-" - " >. L ,--^^"" 

Many of the ongoing activities within the SDIO are already showing sub- 
stantial progress . For example, last June, the Army Homing Overlay Experi- 
ment demonstrated the capability of a nonnuclear missile to intercept and 
destroy an Incoming warhead outside the earth's atmosphere. Directed 
energy research devices are already operating at several laboratories. 
Ihese include a neutral particle bean device at Los Alamos, free electron 



Zagers at Los Alamos National Laboratory, Lawrence Livermore Rational Labo- 
ratory, and contractor facilities, and chemical and excimer laser devices 
at contractor facilities. A very high power cheaical laser has been in"" 
stalled at White Sands Hissile Eange. It will be used later this year for 
: lethality 'and vulnerability experiments.- Additionally, progress is exceed- 
ing expectations in aany areas', including railgua technologies as veil as 
sensors. and cryogenic refrigeratioVdevices;- '" 

As the initial year was completed, SQIO assimilated existing programs, 
, organized thai into groupings of major efforts, _and organized the start of 
'some, new activities^' The FY' 1986 "program will complete this beginning pro- 
cess* The SDIO is requesting $3,722 billion for expenditures ft five pro- 
gram' elements consisting of -some 73 tasks. ' A few examples will be cited 
that characterize the planned FY 1986 activities. The details of the plan 
are provided in Sections VII through HI. 



Begin to bring on line new capabilities for signature and 
background collection; 

; Initiate important nw technology efforts in optics and radar 
imaging; 



* Continue the development of advanced architectures for high speed 
signal processing; T ' "' ' 

In Mtected Energy Weapons technology the SDIO will: 

* ' " Continue test of critical, space compatible technologies for 
''"'"; spacerbi«4_UsersKSBL)""nader thxeeVmajor projects of the space- 

;'" ^ ^based^iaset'XSBL) program^a high power hydrogen fluoride (HF) 
""""'■' chemical -Jastt ground experiment'prograa" called ALPHA, a precision 
_beam sensing cleanup and. control program called the large optics 
demonstration 'experiment' (LODE) , and a large lightweight active 
primary mirror demonstration experiment called the LODE advanced 
mirror program (LAMP); 

* Begin "three "additional major projects— a major acquisition, track- 
ing, and pointing program, a non-linear HF laser program, and in- 
tegration experiments, utilizing ALHgpODE/LAHP along with other 
hardware components';" ' - .U 1 -"*"; 1 

> Continue to apply major resources in FY 1986 in advanced technolo- 
gies applicable to SBL concepts in devices, beam control, large 
optics and acquisition, tracking, and pointing; 

« Complete definition of an initial concept of a fully capable SBL 
to guide the SBL research efforts and initiate definition of 
technology development; 



• Complete key experimentation of the feasibility of critical coir 
pocents in ground-based laser. (GBL) technology* 

« Continue experiments .to. support high brightness, high power short 
wavelength, exeiaer, and. free electron lasers for.the SBL concept; 

• Continue basic technology development for beam control and propa- 
gation froto ground transmitters; 

• Initiate the development of technology for space retey mirrors; 

• Establish neutral, particle beam concepts feasibility through ex- 
ponents- using. tire Accelerator Test Stand; , . . 

• - Continue theoretical and laboratory experiments designed to prove 

technologies for bea* generation j control, pointing, and: propaga- 
tion; and- -.-■.. 

• Explore concepts for charged particle beams. 
Jhe -Kinetic Energy Weapons technology program sill: 

• Complete initial. investigations of the key technologies for the 
homing payload of an. endoatmospherie terminal interceptor -and - 
initiate brassboard demonstrations; 

■• -^ Ctont±iucvalidjtion:.o£'.component^tecMologiesjfor exoatsospherie 
nonnudear kill interceptors; „ . - ,-- 

• Select hypervelocity launcher technology baselines and complete 
initial concept design; 

t Complete in Yi 1986 the initial design and assessment of the 
requirements on technology for an exoatmospheric reentry vehicle 
interceptor; define and formally approve a fundamental configu- 
ration; and 

• Investigate through experimentation the feasibility of integrating 
guided, higbrg tolerant, hit-to-kill munitions in FY 1986. 

Li Battle Management during this current year the SDIO is establishing 
baseline requirements and candidate configurations for fault-tolerant com- 
putation concepts; developing software methods and tools; developing 
methods for weapons release and protection against malfunctions; and gen- 
erating the vast number- of algorithms tbatjjjjgll be required for a mult- 
i-layered, large-scale battle manageteat capability. Efforts in FY 1986 
will continue these investigations. 

In Systems Concepts, SDIO activities are focused on the development of 
architectures, models, and simulations, these activities are designed to 
determine, performance and evaluate effectiveness of the SDI technologies in 
all phases . In FY 1986 the SDIO will begin to evaluate technologies and 
designs and start detailed analyses of major issues and architectures, the 
new Rational Ground Test Facility will support this effort, when completed. 
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In Survivability, the SDIQ is already involved in supporting the archi- 
tecture and research activities associated' with SDX. In FY 1986 they will 
increase their activity in surveying and assessing on-going work. To de- 
velop the whole technology base, 'projects In-passive and active counter- 
- measures work will expand appreciably asi-candidate-coacepts^are selected 
for design. These designs could be tested is the coning years. Contracts 
will also Be initiated to stimulate innovativesideas for enhancing systems 
survivability. -■* '■ v <' ■;■■■'*■ ■ 

In Lethality and Target Hardening, the 3DI0 is defining and aligning 
the various projects in the kill mechanists of interest— thermal kill 
lasers, impulse kill' lasers, particle beams, kinetic energykifl, and high 
power microwaves. The goaMs to ensure that comparable results will be 
available on the relative vulnerabilities of targets of interest to these 
kill mechanisms. In 'FY 1936 the SDIO will be validating effects models, 
bringing facilities up to where they are capable of -running tests, and 
performing experiments of specific kill mechanisms on selected materials 
and structures in specific environments. 

In the Unclear Power task, the multi-organization activity investi- 
gating the SP-100 nuclear power subsystem will shift to selection and 
awarding of a contract to do detailed design work for test articles. The 
multi-megawatt project will 'concentrate on a final feasibility decision and 
the awarding of follow-on studies for approtiaately six concepts. 

■ In Space logistics, investigations will concentrate on completion of 
tfieleiamination of. bbtit iaaediate ands longer tenf goals. for. : promising 
technology to reduce costs significantly,. .-' -. 



SECTION VII 
SURVEILLANCE, ACQUISITION, TRACKING AND KILL ASSESSMENT (P.S. 63220C) 

Ibis program involves research into sensing of information foe (I) 
initiation of the defense engagement and (2) battle management and assess- 
ment of the status of forces before and during a defense engagement. The 
program Includes 11 projects and 20 tasks, 

A. PROJECT: QOOi - Radar Discrimination Technology and Datl Base 

FY 1984 Ft 1985 FY 1986 FY 1987 

Radar Discrimination Technology 24.10 29.90 74.10 98.46 

and Data Ease 

COBRA JDDT 17.10 14.40 31.31 

BV Data Collection 2.70 46.30 53.03 

Mscrlnination De* & Radar Tech 10.10 13.40 14,12 



1. Project Description : This project is composed of three tasks. It 
Is designed to provide radar facilities, measurement equipment,' and test 
targets for the collection of* signatures of ICBM components and reentry 
vehicles* and supports collection and interpretation of the data. The 
three tasks are: • 

COBRA JUDY : The COBRA JUDY radar is Currently operational and is 
collecting data. - 

Post-Boost Vehicle (PBV) Data Collection; an instrumentation 
radar capable or acquiring data will be developed, fabricated, installed] 
and operated in this task. . , 

Discrimination Development and Radar Technology ; ^ This task will 
develop and evaluate radar discrimination -techniques and nil! develop ad- 
vanced radar and signal processing technologies. The primary emphasis in 
discrimination mill' Be development of techniques. The radar technology ef- 
fort will advance transmitter and receiver performance and develop advanced 
phase shifters required by large antennas. Data collected by COBRA JUDY, 
tne PBV Data Collection effort, and other radars will be used to support 
this task. 

2. Prog ra m A ccoapHshments and Plans : Additional automated mission 
capability Has achieved,: data collection syatras vera expanded, and nev 
radar development was inltlat'ed'in W-i^H'jy 

Data reduction capability is to be completed in FY 1985. Radar 
fabrication and modification is being completed, and bandwidth is being in- 
creased. A radar is being made operational, and a radiometer is being com- 
pleted* Data collection and processing efforts will accelerate as these 
capabilities become operational. 



In FY 1986, expanded bandwidth operation will begin; data collec- 
tion, processing, and analysis will continue; and developments will be 
expanded. The collected data will be used to provide-the basis for algo- 
rithm development. Future efforts include operation of these data collec- 
tion capabilities, Data processing and analysis facilities will require 
monitoring of collections -systems, New analysis techniques -will be pursued 
-as they are developed, <and -better .methods: ofrutilizing and interpreting 
data will be examined. r .., - ; 

B. PROJECT: Q002 - Optical Discrimination Technology and Data Base 

"" " ' n 1984 FY 1985 FYJgte FY 1987 

Optical Discrimination Tech 50.50 133,70 198,70 192.31 
■ and Data Base ■ ,-' 

IR Exo/BIgfa Eado Signature Data 95.60 113,80 115.91 

Laser laage Data 3.20 28,90 30.85 

IR Background Studies 34.90 56.00 45,55 



1. . Pro je c t Jtesc rip tion : This project consists of three tasks. They 
are designed to provide optical facilities, measurement equipment and some 
test targets for- collection of signatures of ballistic missile components 
and reentry .vehicles.;; ,The project Is also, designed .to suppDrt collection 
and interpretation of the data.. The three tasks aiei. : _ . 

■ Infrared (a? BioataospHeric and? flight Endoatmospheric Signature 
Data : A data base -is necessary in-order to design and evaluate optical 
system sensors. This task provides sensors and platforms ,to acquire and 
update this data, the missions to perform the collection, and the subse- 
quent data, reduction and analyses. 

Laser Image Data ; This task will develop a. data: base on, laser 
imaging. The effort develops a near-term hardware technology base and sub- 
sequently collects; a, data base ; .or- mea8urements>taken by an: imaging system. 
Laboratory measurement will~preced^ field tests" .and" eventual . 
collection of data.j „*"- 32.. .:■ .'■ .;■■:. i^,-^/. : ...'•■•- ;: . ::■.- --;■" 

-^-r ., ; Infrared Background Studies i Accurate prediction of IE back" . 
grounds and their effect on target signatures is needed to understand IR 
sensor performance. This task will develop models and. computer codes to 
predict the spectral, spatial, temporal, and brightness characteristics of 
the natural background. The background studies will investigate IR emis- 
sion and absorption under a range of conditions* Data will be collected 
using field systems, and la the. laboratory tVjSjjpport model development. 

2, Prograa Accomplishments and Plans ; 'Analysis of data from two 
major auroral measurement experiments was initiated ift F? 1984, These 
experiments are called Earth Limb Infrared Atomic Structure (ELIAS) and 
the Field Widened Interfei provided data. Rocketbprne hardware 
development and design were completed, and preliminary flight tests without 
the sensor were begun. Aircraft support facilities were completed. 



In FY 1985, experiments are acquiring the first data and making 
comprehensive measurements. This Information on natural variability and 
auroral excitation will support modeling. Additional flights are being 
launched to complete a data base, and a refllght in daylight conditions is 
being scheduled. ? 

Development will continue in FY 1986, and an engineering test will 
be conducted. Development of 3 laboratory simulator to verify sensor per- 
formance will be initiated. 

C. PROJECT: 0003 -Imaging Radar Technology 

FY 1984 FY 1985 FY 1986 B 1987 

Imaging Radar Technology 6.30 15.30 45.80 122.9S 

Large Array Technology 9.40' 27.80 66.46 

Neat-Tera Imaging Demonstration 5.90 " 8.00 ' 4.64 

Satellite/Aircraft Imaging Radar 10,00 51.86 



1» Project Description * This project is comprised of three tasks. 
It is designed to pursue the requisite technology for demonstrating radar 
imaging in real-tine in order to discriminate among reentry vehicles, de- 
coys, and other components of ICBH systems. Radars\"can provide' cross- 
section history, precision metrics to monitor kinematics, and coherent ' 
range,: cross-range images.. During midcourse,' further ^scriilnatlons'iiay"' 
be possible through radar observations and-measurements of characteristic 
signatures. Radars nay also be valuable for discrimination of reenty"' 
vehicles from sophisticated decoys just prior to aid during reentry. 

Large Array Tech nology : This task is directed toward the develop- 
ment and demonstration of key technologies for large phased-array imaging 
radars. Development of various radar items will be a major portion of the 
task. 

■■■ Sear-;Term i| i aagiiig i Itemoastratiq n: This task provides' the hardware" 
and software necessary to Implement and demonstrate high 'frequency radar' 1 " 
systems. Initially, sufficient hardware and software will he developed and 
Implemented in a simulation facility. This simulation will he capable of 
playing back data recorded by other sources. After successful demonstra- 
tion of the Imaging capability in the simulation facility, the hardware and 
software will he expanded so that operational measurements can be made at 
ah existing radar facility. 

Satellite, and. Aircraft :lmagl_ng_gag8^i- Under this task, technolo- 
gies developed under other tasks,' principally... Imaging Algorithm Develop- 
ment, Large Radar Array Technology, and Real-Time .Signal Processing, will 
be" integrated with consideration given to various radars for demonstration 
of this concept. 

2. Program Accompli3lfoent _s ^an^ In FY 1984, the antenna con- 
cept was defined' considering factors such 35 weight, storability, on-orblt 
deployment, module cost and weight, and ease of fabrication, In FY 1985, 



antenna material is being selected. Test samples of moderate sizes are 
being built, and structural/electrical and thermal/vacuum tests are being 
conducted. Demonstrations are also being performed. 

- Testing efforts will continue in Ft 1986, and a technology base 
program to develop advanced items will be initiated. 

D. v PROJECT: - 0004 - Imaging Laser Technology (Optical) 

FY 1984 TL 1985 FI 1986 FY, 1987 

Imaging Laser Technology (Optical) 5.60 28.30 127.00* 188.75 

Large Optics .Technology 8.40 23.00 22.27 

laser Imaging Technology 10.90 71,00 99,96 

' Imaging Laser Measurements 9.00 28,00 38.80 

Early Demonstration of 5.00 27.72 
_ L Angle-Only Tracking 



!■ Project Description : Thl3 project is comprised of four tasks. It 
is designed to perform research on concepts of future electro-optical imag- 
ing capabilities. The four tasks include: 

- __. . Large Optica ITectoq lo g ft:. .A comprehensive program of technology 
' development Is required to make, possible £he life variety of large optics 
required ta.s^.cra 

that ^qi& p^u^ and .very precise 

optics. Such optics will have to operate at -cryogenic temperatures and 
have the. ability to reject stray- radiation even 'when the source is- very 
close to the target. The optics must be manufactured at a high rate to 
allow .deployment of a constellation in a timely .manner. This task Is 
divided into five principal subtasks: precision polishing, active/3eg- 
'■ented mirrors, of f^axisj rejection, rapid fabrication, and- metal mirrors. 

L aser Imaging Technology ! Ibis task sill develop technologies 
refluired fori the construction* of conponentSKofVlaservtransmitters and 
■ receivers..^ A.rVigorousi program, will be, undertaken to^confira- technical? •.. 
■feasibility.; asphasisj-wilt be placed on discrimination. ' Potential coun- 
termeaaures- sill be. identified and their effectiveness -addressed. This 
task will be supported by, and proceed in parallel with, the Imaging Laser 
Measurements task. 

■ Imaging Laser Jtourement s : A continuing prograa of measurements 
and demonstrations must accompany the Laser Imaging Technology task devel- 
opaeat.^The objectives^ Include yerlfkationj v oi^!.ensor concepts and param- 
eters assumed I Initial Isition of optical data. 
Data will be gathered through the use of existing material measurement 
capabilities, ground test chambers, and new flight-test platforms. 

Early , Dem on s t ra ti on of n to gle- O^ly ^ Tra c k : This task will provide 
data and explore issues related to midcourse acquisition, tracking, dis- 
crimination, and designation. Alternative approaches are being considered 
for this task which is still in its infancy. 



2, Program Accomplishments and Plans : An Initial effort in this pro- 
ject in FY 1984 was development of ultra-lightweight optics and assessment 
of procedures to produce them. Promising computer-controlled polishing 
techniques were investigated to scale-up machines capable of working large 
surfacesi Stable laser oscillator studies- were performed leading to 8&v- 
eral possible constructions, and different techniques. vete- investigated. 

Starting la FT 1985, this project draws on and continues existing 
technology base activities. A small number (two to four) of rapid-optics 
fabrication efforts are being selected for demonstration at medluo scale. 
Work is being initiated to develop appropriate, algorithms for t&is work. 

.Rapid optics fabrication efforts will be focused in Ft 1986 into a 
demonstration at medium scale. The project, will integrate fundamental 
technologies and conduct subsystem demonstrations required to sake techni- 
cal feasibility decision" , Initial parallel- efforts will result, in down- 
selection to engineering development of the;0ne or- two most promising ap- 
proaches, and. the ■measurements program will verify sensor design param- 



.2. PROJECT: 0005 - IR Sensor Jechnoiogy 

FY 1984 FY 1985 FY 1986 FY 1987 

IE Sensor Technology, ; 86,k ,57.80, "l51.40 157.83 . 

Optics,. Technology,; ^,_ ^-. ■_ nrr 16.90- 54.40., 55.0k 

IE Focal Plane Development. .;. ,-..,. ^ 20.40 ; 64.00 . 66.70 

Space Cryocoolers ' > .20.50 33.00 ' 36.12 



1. P roj ect Description : ibis project is 7 aade.up of three tasks. 
tJnder It there will be research on the technologies- associated with 
advanced XR focal planes for various surveillance, acquisition, trackings 
and kill assessment systems. The primary emphasis is directed toward pas- 
sive IE systems; however, a number of technolpgles-are generic and will 
support other areas as well. The tasks will develop all.critlcal technolo- 
gies to support the design and development of high performance optical 
sensors, detector materials, associated electronics and integrated focal 
planes, and high efficiency, long-life cryogenic refrigeration systems. 

Op t i c s . T e ch n olog iir: Thi3 task will establish the critical technol- 
ogies needed to design and develop high performance optical sensors. Key 
efforts Include: development of technology for wide field-ofrrtev optical 
systems; development of large, high-quality, passive optical sensors; conr 
ceptual design of high-perfoniance opttcal^seMwrs; developed of large 
arrays of nuclear-hardeneoKdetectors; .deveSipht of signal processing 
algorithms and hardware to support the large detector arrays; development 
of sensor calibration and test facilities; and development of techniques to 
allow production of these components In quantity. 

IR Focaj^ Pla n e Itevelopme n t : Development of detector and multi- 
plexer materials for integration into IR. focal planes having large array 
size will be accomplished in this task. The work Is being performed in two 



broad classes of detectors. The task will also develop electronics re- 
quired -to interface with these arrays and the- pilot production processes 
needed for manufacturing large quantities of these- items. 

Space Cryocoolers : The objective of this urit is to develop long- 
lifetine, tdgh-efficiency/spaceborne'Cryogenic refrigeration- systems;'- The 
task Is divided into two segments. One is continuing and extending exist- 
ing' cryocooler technologies.- This effort will consider several' approaches 
offering; increased efficiency, lower- operating' temperatures aud longer "'■ 
lifetittes. -The-second'subtask considers'new-couceptsi'such'as magnetic - 
ordering ; and : disordering' for coolers iilth higher efficiencies. ♦■ ' ■ 

2. Program' Accomplishments and' Plans : Some elements for IRsengors 
were tested in EI 1984- under operational conditions. -Others- were testeffto 
determine vulnerability, and survivability. ; - Signal processing techniques 
were demonstrated. The surveillance and tracking system focal plane tech- 
nology program was '.continued with competitive awards-of the system program 
and the- focal plane technology program: Contracts were augmented for-foeal 
plane development end for material development. Development efforts were 
augmented and test facility upgrades begun. Candidate machines entered 
performance/life testing. 

-■ ... A one-_ofta-kind facility Is being used to evaluate the state-of- 
the-art devices, and advanced concepts are being vigorously pursued. De- 
velopment of a- simulator-basad evaluation testbed to measure 1 the^-perfor- 
™» of neir senior architectures is being initiated! 1 -increased- efforts 
arr'beipg condn'&ed ttra'ccelerate the deveibpienFo'f aSnger lived,- flight- 
capable- refrigerators to support SDI requirements. "Efforts" on" detector 
arrays and their associated cryocoolers will be continued in FY 1986. 

'F. PROJECT: 0006 - Boost Surveillance and Tracking System (BSIS) 
' Experiment - --■ 

';':-,';■'/"";""'■. ;1 ' ]jijm :, nm5 : msro. fimw- 

■Boost 1 Surveillance and* Tracking- J -' m~' >,*?•-■ . . 
' ; - "Systeil Experiment? ■"■ 28,30 -38;00- 131.10 302.91 



1 . T ' Project' Deaaiption :' This project pursues the technical 1 research 
necessary for a near real-time, fully responsive experiment. The program 
includes system concept definition efforts and development/validation of 
critical sensor- and- data processing- components assodated with these con- 
cepts.- The- capability to satisfy additional iiis'sions- will also be evalu- 
ated.' This' project- is designed to satisfy SDI requirements as well as the 
needs specified to the' ; Office' of the SecretaiJiOg Defense Haster Plan for 
Ballistic Hisslle Tactical-feMhg/AttacitlAsre85ent provided to Congress 
in 1981. ' . 

2. Program Accomplishments and: Plans : Four concept definition ef- 
forts were started in FY 1984 to develop competitive approaches for sur- 
vivable, endurable, and cost-effective experiment options. These efforts 
will provide a range of specific system designs; technology assessment and 
development planning; system transition plans; and life-cycle cost estl- 

i for all options. In parallel, technology risk reduction efforts are 
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Xhft FY 1985 effort is concentrating on developing, assessing, and 
selecting the appropriate concept for experimental verification. The con- 
cept definition efforts are designing subsystems,* The experiment defini- 
tion efforts are being completed and evaluated, Further risk reduction ef- 
forts are being conducted. A concept selection decision is being conducted 
to review technical approaches and to start deaonsCratioii and development 
of the experimental system. ■- ■ "-.. ..:. ' - ■ ■ 

In FY 1986 a preliminary concept selection decision, .will be made, 
an experimental deaonstration program will be initiated, and fuAher risk 
reduction efforts will be conducted. ' * 

G. PROJECT: 0007 - 3pace Surveillance, and; Tracking Systea (SS?S) ". . 
Experiment 

H 1984 H 1985 FY 1986 _FYJ_987 

Space Sirveillance and Tracking 

System Experiment 35.6Q 37.00 136.00 267.13 



1. Project Des cri ptio n; Ibis project pursues research in space sur- 
veillance, These research efforts are specifically oriented toward the 
requisite technology. The priaary activity In this project is concept de- 
finition and preliainary research. ■ -~ ■ 

2. foograa Accoaplishaents and Plans : Three concept, definition ef- 
forts were started in FT 1984 to develop competitive approaches for surviv- 
ablej endurable and cost-effective eiperiaeat options. These efforts-will 
provide:, a range of specific systea designs; technology assessaeat plan- 
ning;, systea transition plans; and life-cycle cost estioates for all de- 
signs. In parallel, technology risk reduction efforts are underway. 

Fiscal year 1985 efforts are concentrating on developing, assess- 1 
fr<g, aid selecting an appropriate concept for this experiaent; ; These con- 
cept efforts -are defining the aidcourse surveillance 'and tracking systea ■- 
experiment* Further risk reduction efforts-are being conducted."^ A-concept 
selection decision is' being conducted to review systea: technical :approaches 
and to start demonstration of a survivable space surveillance. and tracking 
system experiment. 

A preliainary concept selection decision will be made in FT 1986, 
and an experimental deaonstratioii prograa will be initiated on a survivable 
aidcourse surveillance and tracking -systeia. Further risk reduction efforts 
will be conducted. The utility study of the^ternate/advanced concepts, 
associated technology requirements, ' ani.pote"nnal- technology issue resolu- 
tion programs will be coapleted, 

5. PROJECT: 0003. - O ptical Surveillance Experiment 

FY 1934 FY 1985 FY 1986 FY 1987 

Optical Surveillance Experiment 28.80 117.00 191.64 167.98 



1 . Project Des c r ipt l oii: Research for this project will investigate 
the feasibility of aa optical sensor system. Aa experimental device will 
be tested under this project: to demonstrate the technical feasibility of 
using'.- optical sensors, on an airborne platform* 

:;r2r:; ProgranrAccoapl i3J ra ^ A request for proposals .was 

prepared and issued in FY. 1984. An experimental demonstration contract was 
awarded. Requirements were determined and apportioned to subsystems, and 
the^design of thosesubsysteas was 'initiated; . ■ 

la FY 1985, experiment and subsystem design are being completed 
and fabrication begun. Integration, test, and evaluation plans are being 
completed, and target suppoirequipient specifications are being, initiated. 

In-FY. 1986, the experiment will be analyzed for design feasi- 
bility, requirements traceability, "and interface definition and specifica- 
tion. Subsystem design trades and subassembly performance analysis will be 
performed to finalize, drawings for the experimental program. 

I. PROJECT: 0009 - Termi na l ^^ gi. ng^dar J^griaept 

. WJ9K FI 1985 FT 1986 FT 1987 

Terminal Imaging Badar 
Experiment 



.-.1-.;, Project Bescription : lie objective:of this project is to develop 
a fixed ground-based track and imaging radar. 

2. Program Accomplishments and;Plans : In FT- 1985, critical subsys- 
tems and components were tested. 

■Li- s ^Competitive Concept -DefiniUoaStudles^will be, completed in. FT 
1986-iiitit- cdntractoraideliTCiing their ■proposeditradar specification and 
.software-reqnireBeatsV^Xwp ofctheicoatractorsirwiltTbe selected to< continue 
detailedsdeaiga^tOEassure-thatlthe selectedidesigaiis in accordance' with.' . 
the-:end-item 8pedfication.c".Fahrication^and?integration will he-performed. 
Acceptance tests will be conducted at the contractor's facility, and in- 
stallation will he performed. 

J, ^FaOJBCT: >: flQIO-TiSpac^BaBed Imaging ^eriment 

. re mLre ^j s ILigg* re »87 

Space-Based Imaging. Experiment ""^ '■--. 5,80 11.09 



1. Project Description ; ibis project pursues the research for a 
space-based imaging experiment. Although the gathering of data to permit 
assessnent will reside in other SATKA projects, this project will compare 
the efficiency of various approaches. Bach approach has peculiar attri- 
butes and. each requires advances la technology*- The best choice mil not 
be evident without further research. 
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2. Program Accomplishments and PlanB : Concept definition efforts 
will be initiated to develop, a survivable, enduring, and cost-effective 
system experiment. This effort will provide a range of specific options, 
technology assessment and development planning, transition plans, and 
life-cycle coat estimates. The FY 1986 effort _will concentrate on assess- 
ing and selecting the appropriate loagiag sensor 'for the exfefine'ct'. . 

K. PROJECT: 0011 - Common Technolog y and Architecture ' 

Ti 1984 : n 1985 FY4980 ^1987 
* .. 
Common Technology and Architecture 
SATKA Systems Studies ' 
Imaging Algorithm Development 
Radiation Hardened Circuits 
Real-Time Signal Processing 



1. Project Description : This project is designed to develop tech- 
nologies common to survelllanc^acquisition, tracking, and kill assessment 
(SATKA)i. The project tasks include the development of imaging algorithms, 
the achievement of radiation-hardened circuits and implementation of real- 
time signal and data processing, techniques. The project also t includes a 
studias tasfc that addresses trade-offs and utility of the various sensor 
designs under consideration, 

SATKA Systems Studies: The objective of this task is to define, 
perform, and update systems level analyses in support of other SATKA tasks. 
The efforts accomplished in these analyses sill: examine alternate sensors 
"in light of evolving technologies, improved understanding of underlying 
phenomenology, and maturing perception of costs and cost trade-offs; exam- 
ine the Impact of survivability on the choice of sensor components; and 
assess the interface required between various sensors and between the sen- 
sors and other elements of the overall defense. .. _.5-- 

Imaging Algorithm Development : Current techniques* for imaging 
potential targets depend upon human intervention to provide the best esti- 
mates of target motions. This task will develop and demonstrate algorithms 
that will assess target motion and form images based upon these initial 
assessments. The algorithm development will provide data necessary to 
judge the relative efficiency of each system type. The task Is further 
broken down Into four subtasks: (1) Concept Exploration, (2) Algorithm 
Coding, (3) Simulation Development, and (4) Simulation. 

Radiation-Hardened- Circuits : ^T&^coSjillsh various mission objec- 
tives during hostilities, key performance elements must survive in the 
presence of high levels of nuclear radiation. Particularly, electronic 
circuits ar.d memories must be developed to very high levels of hardening. 
This project will establish needed technology. Initial efforts will focus 
on materials technology and manufacturing processes. Later phases will 
include brassboard demonstrations and technology insertion efforts. 

R e a l-Ti m e Signal Processors : This task will develop processing 
systems capable of supporting the sensors developed in other tasks. 



Emphasis will be on systems that can meet requirements., operate autono- 
mously, be fault-tolerant, and be capable of system reconfiguration • A 
technology program has been defined that will generate a technical base, 
perform research leading to fault-tolerant architectures, and develop of 
advanced algorithms for biglrspeed data processing* Earl? thrusts will be 
completion "of" an 'advanced on-board signal processor^ an advanced distrib- 
uted oa-board processor, and a dynamically reconfigurable processor. 



An effort to obtain^ family of computer chips is near the test 
and evaluation stage. ' Pilot lines will be added in FT 1985 for some de- 
vices^ and some reliability and radiation testing" will be performed. 
Development, of a simulator-based evaluation test bed to measure the per- 
formance of new sensor architectures is being initiated. 

Fiscal year 1986 work continues the basic developments initiated 
earlier. During FZ 1986, sort will begin on specific areas-to demonstrate 
technology needed for specific SDI applications. Algorithms for high-speed 
signal processing will be completed and deaoostrated. The developaent of 
advanced compntlng architectures which support experimental demonstration 
programs and technology base efforts "to meet advanced SDI requirements will 
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DIRECTED EKERGY WEAPONS, TECHNOLOGY (P.E. 63221C) 



' This program provides development' and demonstration of '.technology re- 
quired for directed energy weapon concepts for boost and post-boost phase 
intercept for defense against ballistic missiles. The program includes 
4 projects and 28 tasks . 

■ ..:.■_.. .-,*_. ., -- - - % 

A. H0JECT: 001 - Space-Based laser (SBL) Concepts « 

FY 1984 FY 1985 FM98 6 FYJ987. 

Space-Based Laser Concepts 157,00 162,70 371,90 507.70 

Devices 
Beam Control 
large Optics 
AIP Technology 
Major Experiments 
Space .ATP Support 
Concept & Development Definition 
Innovative Science and Technology 
. „ _ ' Other Technology 



1. Project; Besc fi p t i oni This project and its nine tasks contain the 
redirected technology development activities of the Space Laser Program 
originally described to Congress in the 1982 "DoD Space.Laser Program 
Plan." It is designed to demonstrate the feasibility of the major subsys- 
tem of a space-based chemical laser to engage ballistic missiles. la 
addition, it issues. technologies to provide, the perforaattce^grosth.rer'. 
quired in an evolving offense-defense interaction. The primary .candidate 
fo£,achieving these -performance levels is a concept ..that allows fabrication 
and deployment of"syst< capable of defeating threats of interest .and 
growth in performance tq meet a threat hardened to directed; -energy weapon 
(DKB) radiation.'. "Additional longer term device concepts, such^as short 
maveleiigth chemical and free electron laser candidates suitable for space- 
basing, are also under investigation. As the technology matures, initial 
capabilities in other strategic defense mission areas (antiaircraft and 
antisatellite) can be spun-^off into other development activities if such 
applications prove to be cost-effective. ..-.-,. 

SBL Technology Development tasks included in this, program are'de- 
signed to: (1) establish component technoioyEfiT required for performance 
growth of space-based laser deployments", and' (2)- maximize the yield of 
technology outcomes not only for the SBL thrust but also for the other 
thrusts of the Strategic Defense Initiative (SDI). These tasks include: 

* Lage r Device .Technologies which explore enhanced chemical 
laser performance, short wavelength chemical lasers, etc; 



fleam Control Technologies which explore telescopes , advanced 
sensors and processing techniques for beam clean up; align- 
ment systens for high power beans, etc; 

Lar ge Optic g_ Technologies which explore optical conponents 
and coatings; 'fabrication' technology; large _$pace nirrojrs and 
the technology to rapidly fabricate then, etc;'; and' 

Acquisition, Tracking, and: Pointing (ATP) and Fire Control 
Technologies which explore advanced ATP components, advanced 
fire control-sensor- techniques^ large structure technology, 



Sot included in this project are the basic technologies for free 
electron lasers, also a candidate for space-basing, which are under in- 
vestigation In project £002, Ground-Based lasers. 

Maj or Ba ger j gatt s include a series of experiments on the key tech- 
nologies ultimately needed for an operational weapon— the laser device or 

* beam generator (ALPHA), beam control (Large Optics Demonstration Experiment 
- LODE), and large optics (Lode Advanced Hirror Program - LAMP), and 3 
newly constituted acquisition, tracking, and pointing deaonstratlon program 
designed to replace Talon Gold, LOBE "and' 'LAMP also support' the other di- 
rected energy projects In this prograa eleaent by providing the aajor part 
of the generic technology needad for those. concepts* The objective of the 
AlfHA program is tQ^dayelop.flE'tecHo which, in a 

cmigoratiod" designed for spice operation; cin 'generate neax-*di£fraction- 
Haited -beams 'with high efficiency. The U)DE and "LAM? will "demonstrate 
critical Bean "control arid optics technology. The newly constituted 'acqui- 
sition, tracking; and "pointing deaonstratlon program bIH concentrate on a 
series of experiment's 'that willdewnstrate, with'lacxeaslag degrees of 

■ difficulty, all'_eleBeats ^ and tectmologies. required, for spacer and ground- 
based' lasers as weli^as kinetic ''eher^^pdns Tuid space-based "survell- 1 
lance. -Tttemmaliateractlons of ;the .Various coiponeiits.of a \hlglr energy 
laserweapo^syst'em will ibe ^investigate! usie^'tha hljjh power integration' 
.technology 'project*? Tn the first ! phase/^genEric experiments will iovestl- . 
gate "interactions (utilizing th6 i chemical; : ^er at V^teSands* ffissile 1- 
-Bange.' -Br a^later'^ph'a'sei ahotl laser integration ex- 

periment is planned "utilizing technologies of the type being developed for 
space-based chemical' lasers (e.g., ALPHA & LODE/LAMP hardware). 

Space ACT Support funds the interface' equipment and the common 
payload orientation systea and mechanical interfaces to be used In planned 
space experiments", - These experiments are designed to? collect background 
and target signature dataSat ■Bultlple.jraverje^hs; assess designation 
capabilities; and perform precision acquisition, tracking, and pointing 
tests. 

Con cept an^ P fiv e lo^ (CDD) supports the entire pro- 

ject by defining the technology development and demonstration plans to re- 
solve critical DEW Issues. To achieve this, three Interrelated CDD tasks 
will be pursued: (1) concept definition. for technology identification - 



synthesize and evaluate concepts, allocate performance and provide require- 
ments flowdora, perform' supporting trade studies and technology assessment 
and planning, (2) demonstration definition - define, price, and schedule 
the ground and space demonstrations to validate critical technologies, and 
(3) operational weapon concept definition -> provide the conceptual design 
of an operational system as a source' of additional technology guidance and 
as a common base for interaction with the System Architecture Studies, 

2. Prograa Accomplishments and Plana ; Major subsystem experiments 
are emerging. The broad technology base development activity tinder this 
project provides technologies that benefit other directed energy weapons 
programs. 

SBL Technology Development efforts in FT 1984 were a mil of contin- 
uation of activities established in the early 1980s,'some existing programs 
reoriented to SDI needs, and some new efforts. Device Technology efforts 
Included continued pursuit of high efficiency nozzle designs, investigation 
of large optics fabrication techniques and associated metrology instruments, 
and the identification and formulation of plans for promising new short 
wavelength chemical lasers. Seam Control efforts continued development of 
high performance sensors, large Optics efforts completed the carbon-carbon 
materials prograa and demonstration of the applicability of carbon-carbon 
technology to large space optics, Efforfcs'to develop mirror coatings for 
silicon mirrors continued. Acquisition, Tracking, and Pointing efforts in- 
cluded initiating development of a retargeting simulator, selecting^ real- 
time laser damage" assessment concept and continuing the AK ; issues- investi- 
gation, ffljo r fa p erim e n t activities' continue to be focused on"a demonstra- 
tion of the critical elements of SBL weapon technology. The ALPHA prograa 
has completed its initiation activities and modifications to the test 
facility. In the LOBE Advanced Klrror Program (LAMP), design activities 
were concluded. The LODE prograa continued design activities focused on 
meeting: the beam control requirements. The Talon Gold prograa, after con- 
siderable high level review, was placed on hold pending a detailed review of 
acquisition, tracking, and pointing requirements for the entire Strategic 
Defense Initiative. Components of the generic integration experiment con- 
tinued to be investigated throughout FI 1984. Modifications to the chemical 
laser at White Sands Hissile Eange were ifcf progress* la. Concept arid.De- 
■ velopment Definition , efforts begun under the 1982" Space Laser Program Plan 
to develop a concept for a multi-oission SBL deployment were completed. For 
Phase II of the effort (to begin in FY 1985) the contractors were instructed 
to focus on concepts for the weapon platform only and to examine concepts 
for the requirement of SBls for use in defense against ballistic missiles 

FY 1985 fechaologf^Peveiopaenfc , efartli"" la Device Technology are in- 
vestigating potential means of scaling to high brightness levels. These 
efforts continue enhancement of the performance of chemical laser nozzle 
concepts with the goal of increasing the efficiency of laser energy ex- 
tracted par gram of reactant used. In Beam Control, investigation of con- 
cepts for rapid retargeting of high-power beams are being accelerated. 
Development of technologies for sensors and beam-sampling concepts such as 
holographic grating elements is continuing. Also in 1985, conceptual defi- 
nition of a mirror system is being completed. 'In Large Optics, the develop- 
ment of advanced technologies and materials is beginning. The development 



4.1: 



and test of advanced cooling concepts for mirrors under very high radiation 
loads is continuing. Acquisition, tracking, . and pointing technology efforts 
are being Initiated for the rapid- retargeting simulator along sith comple- 
i nentary efforts In the area of advanced digital control techniques. 

t i'~ "y ■ F 4?*?j «5t=Syit*e», in the- Major Experiments area include the AlPHA 
I chemical .laser , gatajgenerator, ..therfacllity, and the full-scale' optics 
demonstration unit (FSDu). The large optics demonstration experiments are 
contlnued.as Is- the ? advanced mirror program, the large Optics Diamond Turn- 
ing. Machine (MMH). program, is beginnir^fahrlcatlou, testlng_and instal- 
lation, of metrology insttnuentation,.. Concept and Developme nt ^Definition 
(CDD) activities in FY 1985 are developing weapon platfom concepts with the 
purpose of Identifying the technology content of the weapon segment' and its 
Interfaces, sith other; major systersegments-in a space-based laser deploy- 
ment for defense- againstiteUistic missiles. Also in FT 1985, CDD is de- 
fining the statement, of work for- efforts expected to begin In FY 1986 that 
sill- define concepts for later demonstrations 

In FI 1986 device technology efforts will complete the concept de- 
finition for an advanced, infrared (IK) chemical- laser. Free electron laser 
(FEU and short wavelength laser technology development continues. Beam 
control- efforts continue work on concepts for rapid retargeting, innovative 
wavefront sensory. and: high-power, aperture-sharing components, large 
optica. technology:efforts. include: ..... high-quality, demonstration -segment; 
pre^sion.poUsUng and J metrology : o|,large mirrors, for space-based laser 
■P^tS^ttaeoutoemenu^Zerodur .fabricatiofcprocesses; "advanced. cooled, 
Jtarors; and-,higfcjowe|:. : hydrogen.anoride,(Br) coatings.for-spac<H>ased 
laser optics.,.Acqnl8ition,. Tracking, and Pototing : effbrts.iiclude brass- 
Inarie^eriments.anianalysls.activlties. KoA.oh the rapid retargeting 
simulator. will continue.- Major Fgperimeats : ..Experiments designed to 
explore the mutual Interactioit of components of a high energy laser weapon 
system wilLb* conducted. ,The.-design,o£,the hydrogen fluoride (p) mte- 
gratioa,eipariment,wilLoe : .completed.. Concept and Development-Defin ition 
activities will, complete the_ technology Identification effort and initiate 
.definition of. the required demonstrations. -,,' ~... ',V '..'. 

-3 iw- to ^-£ls^;-.jears,beyond-PFi9^6r.the;i)evice.'Technology effort 
,wffl^ontlhue,to investigatejree. electron laser" (FEL)" and short wavelength 
chemical laser technology as candidates- for space-based laser concepts: 
Blgh efficiency nozzle designs will he evaluated to select the most promis- 
ing. concepti-.Ihis concept will he fabricated and-tested in a high power 
device. Beam/.ControUactivities.will complete.concept definition studies 
for beam control and tracking; will demonstrate wavefront control; will com- 
plete an innovative wavefront sensor and a high-power, aperture-sharing 
component; and will perfo.rm;experiments ; 4flSglle pointing sensors. Per- 
formance models and. experimental aWKies-iiill be available by the end of 
the decade, .large Optics Techniques for improved numericallr-controlled 
surfacing and advanced process control metrology will be developed and em- 
ployed to produce a segment of a large primary nirror. Jrassboard testing 
of this segment will validate large optics performance. Experiments with a 
high actuator density mirror will be completed. Advanced materials and 
processing steps for improved substrates for a high actuator density test 



article will be validated. Advanced materials and technologies for high- 
power mirrors to satisfy requirements for a space-based laser will be ex- 
plored. Representative mirrors will be fabricated and their thermal distor- 
tion performance fully validated, Deposition processes and materials for 
high-reflectance coatings for space-based chemical lasers will be investi- 
gated. The most promising option will be- coat, the - 
advanced mirrors. Coating performance will be validated.;Large optical r 
structures will demonstrate the required structural control tolerances. 
Innovative approaches for chemical laser devices will be- assessed and sub" 
sequent experiments planned*. Acquisition,, tracking, and pointing', technology 
efforts will continue, Advanced sensor hardware for active-tracking, andifo- 1 - 
ertial reference will be developed. Fire 1 Control technologies; will be ad- 
vanced. Major Experiments : The ALPHA; HF chemical laser,; device- feasibility 
will be established. The LODE- Advanced Hirror Program (LaMPJ'-.and Large ; .-. 
Optics Demonstration Experiment (LODE) beam control technology, deaonstra-: 
tions will be completed. Testing of the mutual interactions of the various 
nigh-power components will be completed. Concept and Developmen t D efiiaiji i on 
will complete the weapon platform definition by providing an operational 
system concept to support a program review. Also, to suppor,t;tbi& review, 
design concepts for advanced demonstrations will be.- available. ■ 

B. PROJECT: 0002 ~ Ground-Based Laser (GBL) Concepts ..■„«. - .- 

FM984. FT 1935 FT 1986 FY 1987 

. ,,-" : Ground-Based Laser Concepts , ". - 133*10 imis'SSlvS^ 4.55^20 ' 

TLaser. Devices : ■ •-. . , - •-_ . ■ •- ;82.p5™;ll0:6&- -95i00 

Ground Segment Bean Control - 66.12 .99.00 103*00 

Space Segment : 2.00- ^ . 32.00- . 67,00 

Hajor, Experiments - : . ; 4.13 ,■ 149.24 150.00 

Concept & Development Definition 5.00 ■• 19.70 ■ 25.20 

Innovative Sclence-and Technology ..5.20 jm 10.50; -rTBD 

- .-Other Technology ■■ - - .- ■- I3..65-? 10>50 - - 15-00 



1* P roje ct Be s criptlon:- The seven tasks- of this project provide the 
technology base, demonstrations, and designs. required to? provide; a firm:'; 
basis for deciding whether or not to pursue a groundHased laser weapon for 
boost-phase intercept. This project will establish and demonstrate the 
major subsystems for this' ground-based laser concept at visible/ultraviolet 
(V/W) wavelengths. There are three main thrusts:' Technology .■Development. , 
Major Experiments , and .Concept and_ Development Definition , . .- ; \ ■?<<■■- ■ 

T e chno l o gy De gel op ie nt. contains the first three* tasks—major de- 
vice efforts (exciier and -.free .electron lasefj^ground segment telescope 
development, and space segment relay mirror' definition and development 
along with associated visible/ultraviolet optics technology development. 
The project shares developments in components, large optics, beam control, 
and acquisition, tracking, and pointing technology with the space-based 
laser project. Investigations of free electron laser (FEL) technology for 
use as a space-based, short wavelength laser are included here with the 
other FEL tasks rather than in the space laser project. Finally, the pro- 
ject provides the resources necessary to investigate new and innovative 



t Exciter laser devices operate at wavelengths in the near-ultra- 
' violet region of the spectrin. J They are likely to be Halted by size, 
weight, and efficiency considerations' to beingiground-baseiF'systeis,' 'There 
are two device ; candidates' being' ptirsiied' in tMs «cimer program.' ■• 

'■ ■'■ '■ Free- electron' lasers (FEL)- operate by interacting high energy elec- 
• trotf beams with magnetic "wiggler" s fields to convert the kinetic energy of 
the electron bean 1 into optical radiation* By recovering the unexpended 
energy of the electron beany high laser efficiencies nay be possible. Be- 
cause of their- wavelength? selectability and relatively high,_electrical effi- 
ciency, FEL devices are promising- candidates for both ground- and space- 
base# platforms. "This project will establish 1 the feasibility of scaling to 
■'the required power levels" with ; good^ bean quality and high electrical effi- 
ciency. _ ' - " 

In the ground segment technology development efforts, Be a m^Coatro I . 
and acquisition, tracking, -and pointingtechnology-'Will be pursued. This 
segment of the ground-based laser system must correct for the optical abeta- 
tions'ln the bean. - •■ • ;.-'_■■ 

■: '.:■ ■ Space segment technology developnent efforts include concepts for 
the relay mirrors which reflect the beam transmitted from the ground station 
lanaVthe'mission. mirrors which receive the relays of J the- bean*and~ focus the 
bean onHhe' target^ " Surfaces of mirrors must be figured-' (shaped to) within 
a snail fractlon'of a wavelength. The- rapid- retargeting tines needed re* 
quire new- concepts.^ Mirror coating techniques nust naintain-ultraviolet 
(DV) quality over a Hide variety o£ incidence angles! "All mirrors require 
■■mirror figure control to a fraction- of-a-wavelength;'* -The most stressing 
J'acqoisitioti, tracking, and pointing- requirement? for all'potehtial directed 
-energy weapon systems are associated with the low^earth*- orbit mission 
mirror. The target nust be accurately tracked, inertial motion sensed, and 
the bean positioned. Cooperative tracking to the other (relay mirror) coa- 
v ponent8 v of-; the* system ^t J also J be-maintained : t6,-tbls level ,r "Aperture 
sharing techatqueasibst'be 'developed'; * ■- ■ J.wiiPTS'""*^ .o ,; 

■■' • Major Experiments are planned which integrate related elements of 
the technology development into'major demonstrations of device, ground 
segment, and space segment' technology. - '"Ercimer and FEL devices will be 
demonstrated and integratedjith^ a ;bem, director^ ....l 

-'■ '' Concept and Development ^Definition- supports the entire project by 
defining' the technology development and ; denigration plans to resolve 
critical DEW issues on a 'stale t'hflVsstabush'es technical feasibility of 
realizing weapon-level performance.-' To achieve this, three interrelated CDD 
tasks, will be pursued! 1 (1) concept' definition for technology identification 
—concept synthesis and evaluation, performance allocation and requirements 
flowdowa, supporting trade studies and technology assessment and planning, 
(2) demonstration definition— define, price and schedule the ground and 
space demonstrations to validate critical technologies, and (3) operational 
weapon concept definition—provide the conceptual design of an operational 



system aB a source of additional technology guidance and a common base for 
inputs needed in the System Architecture Studies. 

2, Program. Accomplishments and. Plans ; Building oa (1) prior tech- 
-nology efforts in short wavelength beam generators, (2) a potential to im- 
prove bean quality and beam power, and (3) initial successes In beam con- 
trol, the ground-based laser program is moving toward major decision mile- 4 
stones designed to demonstrate readiness to proceed. 

M Technology Development^ excimer laser techiologyidevelppient 
passed, important- milestones in FY 1984. Demonstrations of the critical com- 
ponents continued to be expanded, Source selection was initiated and com- 
pleted for one concept. Plans for the other were tearing completion but 
were placed on hold due to funding, limitations and a pending' redefinition of 
the approach* Component experiments continued, yielding progressively im- 
proving outputa and efficiencies. The technology development efforts for 
radio frequency- linear accelerator driven, free electron lasers were con- " 
tinued. A preliminary program to establish the feasibility of using induc- 
tion linear accelerators, such as Che Advanced Test Accelerator (currently 
being built under a non-SDI program) for high power, free electron lasers 
was defined. Initial experiments conducted on the Advanced Test Accelerator 
have shown proaise. In the ground segment activities, experiments that pre- 
date the SDI were continued* Technology efforts. sere initiated to.build the 
necessary adaptive optics and wavefront sensors. . Computer simulation of 
relay systems has shown development paths for the most significant jierfor- 
mance,,payqffs* Inertia! elements for stabilization have been -demonstrated. 

In FT 1985, the major, thrusts of the ground-based laser activities 
(1) continue, preparations for major demonstrations and (2) initiate the new 
activities described in the approved plan. 

• . Tfcko l qg^, Development : The excimer laser program in,F7J[985. is 
completing experiments, in xenon fluoride (XeP) lasers witkRamin beam quali- 
ty improvement. Critical technology experiments are being completed and 
hardware experiments have begun. An upgrade of the electron beam quality of 
the Advanced Test Accelerator is being undertaken and free electron laser 
experiments are being conducted. Experiments designed to demonstrate elec- 
tron beam energy recovery in a free electron laser. are underway and resona- 
tors for high power Fgts are being tested. Key beam control experiments are 
being completed. Evaluation of adaptive optics components are also being 
completed. Efforts will begin on technology developments for advanced adap- 
tive optics. In large optics, a preliminary look at space -relay mirrors is 
being initiated to verify the relevance of planned technology development. 
Acquisition, tracking; and pointing and inertial sensing technology tasks 
are being initiated. t.,; t ..„ .,.. : ^$$81* 

* n Major Experiments , design activities are being initiated to de- 4 
fine the proper experiment to resolve the remaining physics issues. 

Concept and Development Definition will be initiated late in FY 
1985 with a tMUple contractor' concept definition of a ground-based laser 
boost-phase intercept system designed to identify technology needs and en- 
sure the relevance of the technology development program. 



la FY 1986, a major thrust will be the excimer laBer demonstra- 
tions. Source selection, activities for the second device type will be 
initiated early in the year, Prior to selection, all of the technology 
components will have been tested. ,The free.electron laser' program will con- 
tihue to investigate high gain PEL operation on the Advanced Test Accelera- 
tor; Experiments to support 1 scaling-to shorter wavelength- FSLs will be com- 
pleted.' The design of a free electron laser test- bed using either' a radio 
frequency or induction linear- accelerator will' be based oa these experi-- 
.ments. Issues of the associated beam control for both the FEL and exciner 
laser will be addressed. ■ Space-segment technology efforts will continue to 
focus on concepts and' components. Advanced technology for space' segment 
systems will investigate' beam transfer through relay systems, attft innovative 
tracking systems. ■ TechnologyrieiKrastrations to support the ground' and 
spaceborce experiments- are scheduled, Vork oa adaptive optic components 
will continue. Conc e pt ; an d geve lopa egt Definition- activities' will initiate 
the design/definition. ■ Concept definition fortecbnology identification ' 
will he completed in FY 1986. --.-•. ■ ' 

""--'■ In the years beyond FY 1986, Technology Development activities will 
continue to experiment with free electron laser designs. ' Parallel to. these 
experiments additional technology development will ^support the efforts. 
Technology development activities in excimer lasers and the ground segment 
will continue iintil feasibility is established. 'Optical component tech- 
nology development will ensure the necessary -optics subsystems are available 
for use in all the other 'efforts .^ Innovative- concepts for" ground segment 
- Tie&i control wlil;b&4nves^lgated.';..ihe development of the space segment 
will proceed to proof-'of'principle. 

■■'"" - • Design efforts for' optical; segments will be started and multiple 

. mirror segments will be delivered for use in subsystem experiments. Wave- 
front sensing and control technology will concentrate on high bandwidth/high 
precision measurement techniques'.' •' Low noise/ control moment gyro technology 

-will be addressed in -joint retargeting experiments with the spacaHasect- : 
laser effort.- The acquisition, tracking, and pointing effort will begin the 

: fabrication- of a-tesr facility- to Biipport key experiments 1 In critical' func- 
tional "areas. 1 ' — "**■ ;■* - "• ■ ' ■■• ---• ,'-» ;•'• ■■•■"■ ■ '*-■>* ■' --'''"- - v 

*'??" ■■" ' l ~; Ma^ot Experiments will- continue 1 the development of the excimer 

"laser. Accompanying the device development, ground segment experiments .will 
continue . 

" : Conc ept andp e yeio paen t Def i n it i on activities will parallel the 
technology development efforts providing them witfi the technology develop- 
ment and definition plans to guide these efforts;- Three Interrelated ef- 
forts are planned: (I) concept ,def inition : f o^echnology identification, 
(2) system level definition', 1 and (3) operatlonai weapons concepts defi- 
nition. 



C. PROJECT: 0003^- Space-Based Particle Beam (SBFB) Concepts 

FY 1984 FY 1965 FY 1986 FY 1987 

Space-tfased Particle Beaa Concepts 13.90 
Neutral Particle Beam (NPB) 
Antigone 

Advanced NPB Concepts 
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1. Project Description : this project is comprised of six tasks. It 
is designed to'provide for the development of particle beam technology for 
a space-based, boost/post-boost intercept system. The primary thrust of 
the program is focused on demonstrating the feasibility of space-based 
neutral particle beams (HPB) by demonstrating: (1) beaa generation/condi- 
tioning with an accelerator, (2) lightweight magnetic optics that can steer 
the beam, (3) concepts for the acquisition, tracking, and pointing (ATP) 
subsystem, (4) divergence maintained in the environment in and around a 
spacecraft containing a particle beam device, (5) the feasibility of growth 
technology that can provide higher brightness beams, and (6) integration of 
key subsystems of a space-based HPB weapon. " - ,-'-•- 

' " In the HPB Technology Development portion of the program, the 
Accelerator Test Stand (ATS) is the major experiment demonstrating the 
scientific feasibility of ion beaa production and acceleration. It cur- 
rently consists of a pulsed negative ion source, a low energy beam trans- 
port system, and a low energy accelerator— the radio frequency quadripole 
(RFQ). The ATS currently produces a beam- energy out of 'the RFQ; however, " 
the addition of the drift tube linear accelerator (BTLJ Bill boost the out- 
put energy of the beam. . After the coaptation of initial demonstrations, '■■■ 
work trill commence on the Accelerator Test Stand Upgrade (AlStJ). The AlSO 
will evolve from the ATS by a series of upgrades that will demonstrate ope^ 
ration and control, as veil as providing a test bed for evaluating new high 
brightness concepts, it would consist of a continuously operating negative 
ion .source, a low energy beam transport system, a radio-frequency quadru- 
peie accelerator, a high energy drift tube linear accelerator, magnetic 
optics for beam transport and ' pointing, and a beam neutralization system. 
The system will produce a neutral beam. A parallel effort will examine the 
potential for producing neutral particle beans with a higher brightness, 
this technology development effort" inxrolvesj^ong other things, the deveP 
opment of ion sources and''tfie ! inVestigafrfb , a''9f : ' laser beam cooling. In 
order to control the beam size at the target, a magnetic lens is required 
at the output of the system. It is, in fact, a magnetic version of a 
laser's beam-expanding telescope. Efforts in this area will develop a 
magnetic field beam-expander telescope^ a steering .magnet for an exit beam, 
and' lightweight aiagnetic technology for space application. The large mag- 
netic optics will be integrated lit the Accelerator Test Stand Upgrade 
(ATSU), ' - 



Advanced NPB Concepts provide the resource? to examine innovative 
approaches to high brightness, high efficiency, and lightweight concepts 
for space-based particle beams. 

Beam Sensing and Control i A key technical issue. associated with 
pointing and trackingjneutral particle beams cehters-on sensing the posi- 
tion of the beam and establishing a reference ("borealght") between the 
beam's direction and the axis of the weapon tracking system. Two concepts 
will be investigated. * 

♦ 

Concept and Development Definition supports the entire project by 
defining the technology development and demonstration plans to resolve 
critical space-based particle beam issues, to achieve this, three inter- 
related GDD tasks will be pursued: (Z) concept definition for technology 
identification— concept .synthesis and evaluation,, performance allocation 
and requirements flowdown, supporting trade studies and technology assess- 
ment and planning, (2) demonstration definition— define, cost and schedule 
the ground and space demonstrations to validate critical technologies, and 
(3) operational weapon concept definition— provide the conceptual design of 
an operational system as a source of additional technology guidance and a 
common base for inputs needed in the System Architecture Studies. 

The reaaihihg^portiph of the space-based panicle beam program is 
focused on- the investigation., of advanced concepts. -Caiiently there is one 
primary concept under investigation^ . Tha-goal qf-the ; present program,;. is to. 
conduct experiments that show the 'concept is ■technically feasible, the 
elements of ^the-program include beam tracking, development* of. an efficient 
source, and demonstration of compact, lightweight accelerator .technology. 

' ' 2 * " frog 138 ■ Act ^P.ffi tlI ' e:;it: ? ffl ft...ffiff!ff : the .Accelerator Test. Stand was 
successfully demonstrated in FY 1984 with full current operation., The 
drift tube liaear-.accelerator design for the ATS was coapleted and con- 
struction begun. An important aspect of the demonstration on the ATS is 
showing that the-beam.that exits. the radio frequency, quadtupole injector is 
properly bunched and has high ^transport efficiency ..through the drift tube 
linear accelerator. ,Xhe,-required-teat stand was completed and will be used 
in'rthe development -of : a continuously operating ion. source. 

During FY 1985 , the neutral particle beam program will install 
dr'ft tube linear accelerator sections on the Accelerator Test Stand and 
the first beam.sill be-.produced.. Xhefirst major effort -devoted to the 
design of the Accelerator test Stand Upgrade is commencing. Work is con- 
tinuing on the development of a continuous source for the required ions. 
Research is beginning in techniques for beam, neutralization, heavy ion 
sources, and alternate beam^bonching tec,hrdqttgi§^A rocket experiment 
employing a low energy accelerator is being designed. Investigation la 
continuing in advanced concepts (Antigone) and other advanced space 
particle beam concepts. Concept and Development Definition activities in 
FY 1985 will initiate concept definition for technology identification. 

In FY 1986 demonstration of the neutral particle beam using the - 
accelerator test stand will establish the concept. With the completion of 
this phase, the final design of the Accelerator Test. Stand 0pgrade will be 



fixed. This upgrade will evolve from the Accelerator lest Stand by a 
series of notifications. A nev ion source and accelerator cooling system 
Hill be assembled in a separate test stand to permit continuous operation. 
The upgrade sill use a longer (in comparison to the Accelerator Test Stand) 
drift tube linear accelerator. The construction of the heavy^ion source 
will be completed. The magnetic field beam expansion telescope and - steer- 
ing magnets for the large diameter beam expander will continue. Efforts in 
advanced particle beam concepts will continue with theoretical/laboratory 
fcxperiments. Concept and. Development Definition activities in the area of 
technology identification will be completed. This effort will provide 
concept synthesis and evaluation, performance allocation, and requirements 
flowdown for the space-based HPB weapons segment, supporting trade studies, 
and technology assessment and development planning. 

In the years beyond FY. 1986 , neutral particle beam activities con- 
tinue the development of the Accelerator Test Stand Upgrade. The upgrade 
will be completed and full facility operations begun. Required beam diver- 
gence will be demonstrated. The techniques denonstrated will be used to 
achieve the same divergence on a large diameter, high current beam. Ef- 
forts in large magnetic optics will provide a magnetic field beam expansion 
telescope and the developaent of a steering nagriet for large dlaaeter exit 
beam. These large magnetic optics will be integrated with the Accelerator 
Test Stand Upgrade and the neutralUer for an integrated ground-based neu- 
tral particle beam experiment, key laboratory experiments related to bore- 
sighting the beam will be conducted in anticipation-of.the selection of a' 
concept. Concept and Developaent Definition activities will conclude and 
be followed by a concept review. 

Advanced concept investigations will establish the feasibility of 
_tte concepts of interest. Concept selection/sorting for the other advanced 
concepts under investigation sill' occur with follow-on investigations de- 
signed to establish feasibility. 



PROJECT: OO W r^Su^ 

FT 1984 FY 1985 FY 1985 FT 1987 

Nuclear-Driven Systems 

ATP Technology & Demonstration 
Laboratory Experiments 
Concept fi Development Definition 
Innovative, Science and Technology 
Other Technology ,, ^ -,. . ' ,.,■ 



1. Project Description : 'This project supplements the DoE efforts in 
nuclear-driven directed energy with discrete 'efforts In acquisition, track- 
ing,, and pointing; concept and development definition] and Innovative 
approaches. It contains five tasks. 



The work on nucie3r i driven directed energy is largely pursued by 
the Department of Energy and is designed to establish its -technical feasi- 
bility^ .Equally important, the work ensures that the U.S. understands the 
potential impact of theses emerging concepts If they sere to be* used against 
us by an- adversary. It -should be ^iterated that 'emphasis in^he spi 
PEOgraa'.lg^being. given to-nonnuclear weapons- for'defense. • j 



SECTION IX 
KINETIC ENERGY WEAPONS TECHNOLOGY (P.E. 63222C) 

A. PROJECT: 0001 - Efldoataospherlc Jfonmiriear Kill (Endo-NNK) Technology 
FY_19g4 FT 1985 FYJjjjfr Fgjgg7 
Endo-NNK Technology 111.10 .- 68,70 100,60* 86.20 



I. P ro j e c t D escription : This project is comprised of" five tasks and 
contains research into key technologies associated with the destruction of 
reentry bodies within the atmosphere (endoatmospherlc) with nonnuclear kill 
devices. The focus- of this program at this tine is the resolution of criti- 
cal technical issues and the validation of component technologies. Upon 
validation of the key technologies, Integration with supporting elements will 
subsequently lead to a complete experiment. ■ 

Sndo-SNK technology developctent tasks in this prograc Include: 

• Seeker development 

• Optical KindoH and radoae research ■ t 
i Improved nonnuclear sarheads ■■ ■ ■ 

t Advanced avionics > 

• Propulsion systems developaeat 



• Barhead tests against side-launched, dynanic targets 

• Tests of high power confomal array ant* 

• Continued warhead database developaent 
Planned acccaplishaents in 1985 include: 

• Completion of initial sensor investigation 

• Initiation of Phase 1 studies for' alternative sensors 

• Subscale and brassboard components tests 

New starts are being undertaken for alternate warhead concepts. 
Design and fabrication of optical and millimeter wave windows, advanced 
guidance computers, and rapid response propulsion systems are being Initiated 
In 1985. The critical technology components integration program plan for 
interceptor applications is projected to be completed In FY 1935. 



B. PROJECT: 0PO2 - ^gataoggherlc Konnuclear Kill (Exo-KHK) Technology 
FY 1984 ?? 1985 jT 1986 TO 1987 
Exo-NHK Technology 0.10 49.10 109.70 148.40 



1. Proj ect | Jfegcrip_tiog ; This project Includes technology development 
for ground-iauncled (missile) and apace-launched (rocket and hypervalocity 
gun) nonnuclear kill vehicles to. intercept boosters, post-toos? vehicles, and 
reentry vehicles above the atmosphere (i.e. eaoatiospbere). * 

There are three major separate ballistic missile defense concepts 
this technology program supports: 

t Exoatoospheric Reentry Interceptor Experiment (HRIS) 

t Space-Based Bypervelocity Gun Experiment (Sagittax Experiment) 

• Space-Based Kinetic Kill Vehicle Experiment : - 

Ifais project includes technology development in the areas of: 

• Sensors 

• Fire control technology ; . 

• ' Propulsion . , . ■ ■ '■■ - 

• Structures 

• Guidance and control 

• Guided projectiles launched by missiles or bypervelocity guns 

This project also includes the development of advanced data hailing 
capabilities required to support sensor t and guidance control technologies 
applied to ground- and' space-based missiles and bypervelocity guns. 

"" '"" 2* Project Accomplishments and Plans : Experimental flights were suc- 
cessfully completed in 1984. The primary experiment, the Homing Overlay 
Experiment (HOE), successfully demonstrated the feasibility of nonnuclear 
till of reentry vehicles. This experiment formed the basis for the MS 
demonstration program. 

Initial H 1985 activity has emphasized system concept formulation 
and utility analysis and Technology 8equirement„Definition as well as Com- 
ponent Tests. These suppo_r ( tithe ^ask def in£$Sa- and subsequently the program, 
planning to expand the Exo-MK technology 'base. The concept formulation and 
utility analysis efforts will culminate in the selection of various concepts 
■to be pursued at greater depth in later phases. 



Fire control 
Warhead design 
Structures 



Guidance and control 
Avionics 

Propulsion systems 

The integration of these technologies into operational test projectiles and 
improved production technologies are also feeing investigated* 

C. PROJECT: 0003 -. Subsystem, Engineering and Analysis 

JT_1984 FY 1985 FY 1986. FY 1987 

Subsystem Engineering 

and Analysis 2.40 4.00 11.80 19.60 



1. Project Descrip ti o n: This project is designed to establish the 
means and database for refinements and upgrades to multiple interceptor 
configurations, Technical issues will be- identified, evaluated and inte- 
grated into a program to advance fundamental interceptor technologyi 

The technology development database sill emphasize; 

• Advanced propulsion 

• Advanced guidance 

• Advanced navigation 

• Improved electronics 

Performance assessaetits of coaponents and subsystems will be determined 
through simulation, analysis and testing. 

2. Program Accomplishments and Plans ; Several advanced kinetic energy 
concepts were examined in: FT 1984 and were consequently synthesized into the 
FY 1985 plan. These included various space-based kinetic kill vehicle 
concepts and the effect of increased launch velocity oh the effectiveness of 
a hyperveloclty gun defense system. ^&t 

FY. 1985 projected results will include significant technical accomp- 
lishments including seeker vehicle technology as well as seeker and kinetic 
kill vehicle experiments using advanced materials and new sensor concepts. 

Detailed, analyses will be performed to Investigate the manner in 
which the various KEtf elements can be integrated into an operational system 
architecture. These analyses will be used to identify necessary links 
between Surveillance , C , Battle Management, Space Power, and Space Logistics 
programs within the SDIO. 



D. PROJECT: 0QQ4 - Hypervelocity Launcher Technology 

FY. 1984 FY 19B5 *T 19S6 F? 1987 
Hypervelocity Launcher Technology 6.60 19.05 68.70 100.30 

1, Project: Description ; This project is designed to develop, inte- 
grate, and demonstrate the pulse power and hypervelocity gun technologies 
required for space-based ballistic missile defense. This projtct researches 
the critical technology base for advanced hypervelocity guns capable of pro- 
viding repetitive launch of guided kinetic energy kill vehicles to intercept 
reentry vehicles* _ . 

This project includes critical technology , .d ey e l qpaten t s of: 

« Advanced accelerator development 
• Power conditioning devices 



• Test facilities 

' 2# Frograa ^cQP^Hsjmea t ^an g- P la n s: An Interia report on the 
analysis of space-based hypervelocity launchers' was apleted in ¥1 1984.- 
Ljcludedin this report sere the following accoaplisbaents; "**■ -->' 

First high velocity demonstration of distributed energy store 
railguhs used to accelerate projectiles 

First demonstration of high mass, high energy gun 

First demonstration of rapid fire electroiagnetic guns using 
a very high current switch 

Increase in hoaopolar energy density 

Increase in compulsator energy density 

Support is being provided in FY 1985 for two new and three on-going 
efforts' related to the analysis of electrooagnetic gun systems. The two new 
starts are for technology efforts. Space launcher technology Is addressed In 
the three continuation efforts in accelerator technology: coaxial accelera- 
tor technology, distributed energy supply railgun experimentation, and high 
pressure railgun accelerators. . ,:_£$£* 

These programs will utilize the technical direction generated by the 
space-based hypervelocity gun experiment program to generate the development 
requirements for the advanced technology programs. 



PROJECT: 0005 - Hovel Concepts 

nim ft 1985 nim fi 1987 

Hovel Concepts 2.30 9.00 29.50 29.50 



1, Project JPegc f lpti on; This project Is designed to pursue innovative 
kinetic energy weapons concepts.' The focus of this effort will be to synthe- 
size the concepts, develop the critical technology, and use these technolo- 
gies for major improvements. * 

These Improvements center around the utility of ultra high velocity, 
lightweight guided projectiles to negate responsive alssile threats. The 
initial technology development effort will include utilization studies of 
guided, agile hypervelocity projectiles. New concepts will he solicited froa 
numerous sources .such as universities; independent research laboratories, and 
industry to stiaulate interest and nurture new concepts. 

2. Pgograa Accom ft 1984 accoofpiishments include 
initial concept and technology assessment (of utilizing specialized accele- 
rators to launch projectiles to high velocities) . A program plan Including 
Initial and critical experiments as sell as modeling and analysis was pre- 
pared. Existing experimental facilities have been identified in uhieh 
Initial proof-of-principles etpednente have been performed. In the past 
year, specially designed accelerators mre used to-, accelerate' massive plasmas 
to very high velocities. ■ • :' M ' ' ■ J ■ - ' ' : • 

The Ft" 1985 effort Hill assess and develop the technology needed for 
the proof-ofrpriaciple experiments. Initial test firings have been com- 
pleted, and the test results are being analyzed. Other studies analyzing the 
use of high temperature plasmas for hypervelocity launchers have begun. Al- 
ternate concepts such as candidate novel kinetic energy weapons systems are 
also being selected for investigation. ' ' 

F. ' PK0JECT: 0006 - Endo-fflIK Test Bed: High Endbataospherlc Defense 
Interceptor (ESDI) 

FY198S FY 1985 FY 1986 H 1987 

Endo-NNK Test Bed (HEDI) 36.80 27.60 101.92 255.07 



1. Project Description : This project consists of a< concept definition 
study initiated in FT 1984 and a follow-on experimental study of a nonnuclear 
high endoatmospheric interceptor .; The* firsj^fase investigated alternative 
experiments and the required" components' for each experiment were Identified. 
A functional demonstration will be carried out to validate and demonstrate 
the critical technology issues. 

The critical technology development and functional demonstration 
will include sensors, seekers, guidance, and warheads. These technologies 
will be Integrated and used for the demonstration of nonnuclear target 



destruction. This demonstration will include an assessaent of vulnerability 
to counteraeasures and survivability in a simulated battle environment . 

2. Ptogcaa Ac^M ^X MMO ts and Plana : In FY 1984 lead-time planning 
and analysis, for the Defense-in-Deptb (DID) and High Endoatmospheric Inter- 
ceptor System (BEDI) concept definition were initiated. Four concept defini- 
tion contracts were awarded. Component technology efforts were planned and 
preliminary analytical test models, completed. 

HEDI concept definition will continue in FY 1985. Guidance and con- 
trol technology is in the preliminary stages of development. The performance 
threshold and quantitative goals for the functional demonstration are being 
studied, d 

FY 1986 funding will initiate contractor and subcontractor activity 
in both the design and component technology areas.- Technology will continue 
to be developed at brassboard and integrated experimental levels. 

G, PROJECT; 0007_^ gto-fflK test Bed 

FY 1984 FY 1985 FY 1986 FY 1987 

Exo-SNK Test Bed 24.20 12.70 120.70 185.90 



1, . Project Description : This project began in FY 1984 T?itb a concept 
definition phase to explore alternative approaches to the design of- inter* 
ceptorg that could accomplish nonnuclear kill of reentry vehicles in the 
eioatmospnere. The test assembly will be comprised of the off-the-shelf 
components where applicable. The second phase will be used to validate aad 
demonstrate the solutions of critical issues associated with the preferred 
interceptor concepts. 

Included in the technology, demonstration assessaent will be seeker, 
sensor, guidance, and warhead performance in a counteraeasure environment. 
Successful completion ofr.the second-phase will provide the data necessary to 
project future system" development capabilities. 

; j: , 2. ■ Program Accomplishments and Plans: The FY 1984 work was pursued 
"through parallel competitive concept definition studies to address the 
principal issues and feasibility of exoatmospheric nonnuclear kill of 
ballistic missiles * Critical component issues investigated during the 
concept definition phase Bete sensor and seekers, propulsion, guidance and 
control, and structures. 

The major FY 1985. effort eataila^finitioa and approval of the 
functional technology dettoWtration^ogfl^cOCTpetitioa and award of a prime 
contract tu conduct the demonstration; and initiation of requirements assess- 
ment and design of interceptor components. 

In FY 1986, work will be completed on the initial phase of subsystem 
requirements assessment and design. The selected prime contractor, major 



subcontractors, and supporting government agency will determine the funda- 
mental configuration of the interceptor and major components. The formal ap- 
proval of this configuration will take place at the subsystem design review. 
The design determination process will squire effort among all participants 
in evaluating alternative options, conducting analyses, and initiating bread- 
board test efforts for selected key subassemblies and their component parts. 

The components of the missile and associated launch hardware and 
software will be progressively developed, integrated, and tested. Decision . 
reviews throughout this period will assess progress to date and provide 
guidance and approval as required. This program will emphasize performance 
throughout the ballistic missile defense scenario. Tests will provide data 
which provide a baseline for future deployment decisions. 

H. PROJECT: 0008 - This number .is currently not in. use 

I. PROJECT: 0009 ^Hypervelocity Launcher rteyelojifflen t 

FY 1984 FY 1985 FY.1986 FY 1987 

Hypervelocity Launcher 

Developmant 6.60 3.50 39.30 100.40 



1. Project Description : This project concentrates on the development 
of technologies required to perform intercepts of boosters, post-boost 
vehicles, and RVs using space-based hypervelocity guns. This project also 
develops a treaty-compliant space experiment to validate concept feasibility* 
The task is divided into two areas: (I) a Ground-Based Hypervelocity Gun 
Experiment (GBHE), and (2) the Space-Based Hypervelocity Gun Experiment 
(Sagittar Experiment). The GBHE is a device to validate the feasibility 
of integrating projectiles in a hypervelocity gun. The Sagittar Experiment 
demonstrates the feasibility of; (1) using hypervelocity guns in space, 
(2) guidance and control of exoatmospheric projectiles, and (3) intercept of 
various space targets. 

The Sagittar project is divided into six phases: 

• Technical Requirements Definition 

* Critical Technology Demonstration 



Brassboard Interceptor System Demonstration 
Sagittar Ground Integration 



The first three .phases concentrate primarily on projectile, fire 
control, and guidance (interceptor subsystem) technology development and 



validation. In addition, technology needs for other SDI PEs are also gene- 
rated including launchers, power conditioning, surveillance, C /Battle 
Management, Prime Power, and Space Logistics. Phase four integrates the 
latest technology developments in the required areas into a space qualifiable 
experiment. Phase five perforins the space experiment. This experiment will 
be conducted as permitted by the ABM Treaty. Phase six will involve data 
reduction and analysis. 

2. Program; Accomplishments and Plans : Efforts in FY 1984 concentrated 
on developing overall system technical requirements especially for hit-to- 
kill capability. Emphasis was placed on deriving mission requirements to 
generate critical technology needs.. Critical technology roadmaps were 
developed for future program planning. 

The FY 1985 program used the results of FY 1984 work to initiate 
critical technology development. Several major technical milestones have 
already been achieved in this program. These developments greatly enhance 
successful development of their concept. 

J. PROJECT: 0010 - Kinetic Kill Vehicle (KK?) 

FY 1984 FYJ985 FY 1986 FY_198_7 

Kinetic Kill Vehicle 5.50 30.00 147.40 221.40 



1, P roject De script ion : This project provides for concept design, 
technology development, test and evaluation for a space-based, rocket powered 
kinetic energy experiment. This project is conducted in two parts; tech- 
nology verification and concept definition. 

The technology verification effort Kill perform critical technology 
demonstrations which reflect the capabilities needed by the various subsys 1 - 
teins. Included in these demonstrations wiE be: 

o off-the-shelf rocket booster technology 

o Divert rocket motor technology 

o High performance kill Vehicle 

o Fire control/guidance 

After technology verification, these technologies will then be integrated and 
subsequently flight testing of the experiment will begin. 

2, Program. Accomplishments and Plans : Concept formulation studies of 
FY 1984 on existing contracts were extended to include technical requirement 
definitions. Technology verification efforts were initiated in FY 1985, 
These efforts are investigating high performance kill vehicle design as well 
as booster and divert (maneuver) propulsion technology with recently awarded 
contracts. The Phase 1 concept definition request for proposal was released. 



The KKV experiment program will be initiated in FY 1986. The re- 
sults from the technology verification will enable completion of the KKV 
experimental design. The KKV experiment will then reach the critical design 
review phase. 

K. PROJECT: 0011 - Terminal Technologies Integration 

FY 1984 FYJ985 FY 1986 FY 1987 

Terminal Technologies Integration 0.10 32.30 130.10 91.80 



1. Project .Description : This program consists of the systems engineer- 
ing, systems analysis, and system integration to support test activities for 
evaluation of technologies associated with integration of the elements of 
complete kinetic energy weapons system. Support activities will include 
experimental diagnostics and resources for assembly of experimental elements 
at the test site. 

2, Project Accomplishments and Plans : Based on initiation of compo- 
nent technology efforts in FY 1984, program planning began for conducting an 
integrated technology demonstration. Definition of requirements for an inte- 
grated technology also began. 

Award selection is being made to conduct analyses and establish 
goals for technology elements . Interfaces between system elements are being 
identified and defined. Test requirements and hardware capabilities are 
being developed. 

Computer capability will be established for experimental trade-off 
analyses. Interface compatibility .among experimental elements will be 
maintained, and instrumentation/facility requirements for testing will be 
developed. 

This effort results in' a complete simulation of the operations of 
and the interactions among experimental elements. It will be validated 
against the capabilities of the near-term feasibility demonstration subsys- 
tems and will have the capability to incorporate 'actual elements of the 
program. The culmination of this activity is an experimental validation of 
the feasibility of the integrated technologies. 
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SECTION X 
SYSTEMS CONCEPTS/BATTLE MANAGEMENT (P,£. 63223C) 



This program researches technologies to implement cosaand and control 
systems for defense against ballistic missiles. It includes 2 projects and 
10 tasks, 

A* PROJECT: 3 Q Ql r B attle Manageaent/Coraand. Control and CosEu aications 

H ' 

FY 1984 FY 1985 FY 1986 FY 1987 

Battle Hinageaent/C 46.00 145,06 164.85 

BH/C architecture 9.00 38.00 43.45 

Processor Technology 14.50 42.80 48.60 

Software Technology 13.70 44.86 50.90 

Cossunicatioa Technology 8.80 19.40 21.90 



1. Project Description : This project has four tas 



The„purpose of the Architecture Concepts task is to define state-of- 
the-art BH/C architectures. Studies and analyses sill establish quantita- 
tive subsystem functional and technical requirements for processing, software 
and cojHimications. Integrated and non-integrated systeas architectures and 
at least two-ttrfour alternative architectures for the BH/C system shall he 
developed. Battle management systeas and strategies Hill he evaluated. The 
studies «ill include consideration of status Eonitoring, weapon alert, infor- 
mation aanageaent, attack characterization, weapon activation, weapon re- 
lease, target prioritization, target assignment, self-defense coordination 
and counteraeasure management. Emphasis will be placed on overall resource 
allocation and techniques for optimal allocation! an appropriate level of 
human interaction will be determined. In order to Hake choices among differ- 
ent architectures and to test adequately these architectures, realistic simu- 
lations that accurately model the stressed environment are needed. The re- 
quirements for these simulations and supporting facilities will be developed 
and initial models put into place. 

The Processing Technology, task Is concerned with developing high 
performance fault-tolerant computing hardware and supporting operating 
systems. This effort will lead to specification of computer architectures 
with the requisite performance characteristics designed to operate in a 
hostile environment. The first step is to develop fault-tolerant strategies 
to meet the requirements. Alternative concepts will be based on a hierarchy 
of fault-tolerant detection, recovery, and error checking. Alternative fault 
tolerant techniques such as redundant networking, built-in-intelligence, 
selective component redundancy, and redundant self test and repair techniques 
will be researched. Detailed processor designs that are real-tine, high 
performance, and fault-tolerant will be produced, and development plans will 
be written. Utilizing real-time distributed computing systems, this task 

61 



will evaluate innovative fault-tolerant techniques relative to complex 
distributed computing systems. Such techniques as embedded positioning, re- 
covery algorithns, backup sparing, dynamic reassignment, and alternative 
voting will be evaluated. 

The Software Technology task is concerned with achieving the ability 
to develop large, complex software systems to carty out battle nanagement 
mission requirements. This effort will provide the means for developing 
trusted software that can be reliably modified and adapted, and algorithms 
and management concepts for such functions as network management, situation 
assessoent, and weapon release in an uncertain, rapidly changing environment. 
Ihe highest priority is to establish a set of software development concepts 
and techniques. Advanced development methodologies such as rapid prototyping 
expert systems, concurrency detection and exploration, and reusable software 
and designs will be analyzed for their applicability to support the creative 
software development process. Improved techniques such as program and design 
slicing, attribute generation analysis, symbolic execution, and forward ef- 
fect tracing and analysis will be developed to assess software quality at all 
stages of development and preclude certain classes of errors from existing. 
Techniques will he developed to perait software validation testing during the 
development cycle. Extensive experiffientation and evaluation of software de- 
velopment concepts will be performed to evaluate their capabilities^d idear 
tify potential areas for significant improvement. A series of BM/C experi- 
Heats Hill be conducted to quantify algorithm and hardware requirements, and 
coaronication rates, for a BH/C system. In conjunction with systen defini- 
tion efforts, a set of BH/C coaputiag requirements oill he generated. Tech- 
niques to allow implementation of algorithms in a geographically distributed 
network sill he developed. The issues of data aanageaent, fault-tolerance, 
data cosEunication, and control will be investigated in developing a system- 
level specification for a largerscale systems network, controller* Develop- 
ment of algorithms for situation assessment, kill assessment, damage assess- 
ment, defensive firing strategies, and network aanagement will also be 
initiated* 

The Battle Management Communications technology task includes the 
analysis of coaaunication network requirements, definitions of network archi- 
tecture, identification and development of technology requirements, develop- 
ment of a candidate systea test bed, and evaluation through simulation of the 
communications systems. Network architectures based on results of the analy- 
ses conducted in the Systems Architecture project will be prepared and inves- 
tigated with respect to systea switching and netting, link description, and 
aspects of vulnerability and survivability. Initial technology investiga- 
tions will concentrate on state-of-the-art technologies that have application 
to SDI battle management communications. In addition, technology development 
programs to satisfy battle management communications network requirements 
will include radio frequency (RF) subsystems, antennas, networks and switch- 
ing, signal processors, and laser communications * Based on these efforts, a 
candidate communication network will be designed, developed, and evaluated 
using software and hardware simulation. 

2. Program Accomplishments and Plans : Since BH/C technology required 
to support the President's SDI is significantly more complex than that being 
pursued in previous Army and Mr Force prograns in this area, early emphasis 
was on assessing approaches and defining research and advanced technology 



programs for each of the tasks. Critical technologies to be. pursued and data 
needed to define requirements were identified in Fl 1984 for each area, arid 
program plans were defined. 

A baseline set of system requirements in .the A rc hi t e rture 
task are being defined to drive the development of fault-tolerant concepts, 
technologies and design. Based on these requirements , critical circuit tech- 
nology developcents are being initiated that can withstand both high radia- 
tion dose rates arid single event upsets. Coabined hardware and software 
techniques are being developed to isafce che resulting systea resilient to 
temporary faults as well as catastrophic failures in major subsystems. The 
goal is to develop a systea: that can operate in space for ten years without 
aaintenartce. 

An initial set of requireaents for software development technologies 
in £he Processing Technology task is being defined based on analyses of the 
33/C functions needed. These requireaents are being Hatched against existr 
ing software developBent structures, and a set of technology enhancements 
will be defined- Alternative software development approaches are being se- 
lected for further development. The selected approaches sust offer the 
potential for efficient generation of software that can be foraally specified 
and verified. Automated tools needed to assist in the software development 
process are being defined. 

Beginning in cl 1935, and continuing through EI 1989, studies in the 
Software technology task are being aade on the speed and accuracy with which 
btsan test subjects can assess situations and sake decisions. Performance is 
being compared as a function of the foraat and content of the data displayed, 
in situations that realistically represent possible battle scenarios. Data 
is being: developed for evaluating the feasibility of various coeaand doc- 
trines and the usefulness of autoaated aids under stress. 

For the Battle Managemen t CoiEunic atio ns task, beginning in FI 1985, 
and progressing through BY 1987, protocols ara being developed for an inter- 
netted coKMffiications systea to support aulti-tier defenses. This network is 
to be self-oanaging and capable of providing arbitrary connectivity between 
any pair of points. Protocol development must support real-time communica- 
tions with low delay, priority messages, self-diagnosing and self-healing 
capabilities, and dyhaaic load balancing. Alternative candidate network 
configurations are also being analyzed to assess their ability to satisfy the 
requirements defined in FY 1984. Among these candidates will be DARPA's 
Airborne Packet Network. Also, under this task, 60 gigahertz microwave and 
laser carrier links needed to support the internetted ccnmunications system 
are being defined. 

Candidate algorithms for key battle management applications are be- 
ing developed for evaluation. These algorithms must be suitable for use in a 
widely dispersed, loosely co«pled> real-time distributed, computing system. 
low delay, minimum overhead and fault-tolerance are required to maintain a 
high level of object correlation and data base consistency and to provide 
robustness in the presence of network or component failures. The role of 
knowledge-based systems and artificial intelligence in BM/C functions are 
also being evaluated. 



Based on efforts undertaken in FY 1985, work will continue on Che 
development of fault-tolerant information processing concepts, technology and 
design; software development techniques which lead to high™confidence, etrOJr- 
free sofcuare systems; battle management algorithms; and communications 
network technology, concepts and protocols* 

Critical circuit technology development will continue* Results from 
the efforts in hardened microelectronics and fault-tolerant Computing will be 
combined with research on high performance architectures to build machines 
with the performance and reliability to support battle management. A fault- 
tolerant architecture will be defined. Space-qualified hardware will be 
fabricated and tested. 

Development of methodologies and tools needed to support the entire 
software life cvcle will continue. All of the work will be closely keyed to 
the actual SH/C system needs. Whenever possible the methods and tools de- 
veloped will be applied to intermediate SOI systea demonstration. Facilities 
desigsed for critical test og the software generation processes will be 
available. Detailed methods of generating verifiable software and automated 
tools to permit efficient software generation will be available. 

A goal of this project is to have an adequate basis for defense 
activation doctrine aad for design of c(saaad interfaces in a ballistic 
aissile defense systea. A simulator or sisulators that would be used for 
testing and refining interface designs, and for training and demonstration 
purposes will be ispleaented. 

Beginning in FY 19S6 k two candidate network approaches will be de- 
veloped and experimentally verified, using the defined network protocols. A 
prograa sill be initiated to breadboard and test in the field a ground-air- 
space incernettfid systea. This long-tern project, will serve as a test bed to 
refine and make operational the concepts for network communications defined 
earlier in the programs. 

Development of algorithms for the BH/C functions will continue. 
Artificial intelligence concepts will be incorporated into the algorithms 
wherever potential payoffs exist. As sensor and weapon technologies become 
better defined, the early algorithm based on initial assumptions will have 
to be refined. Test facilities will be developed to aid in evaluating these 
algorithms for completeness and computing requirements and for testing then 
in simulated environments. 

B, PROJECT: 3002 - SDI Systems Architectures 

FY 1984 FYJ985 FY 1986 FY 1987 

SDI Systems Architectures 53.00 98.24 107.f 

Threat Analysis 
Systems Architecture Studies 
Pilot Architecture Study 

Program Integration 
Functional Analyses & Modeling 
Systems Concepts & Simulation 
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1. project Descriptio n: This project is comprised of six tasks* It 
will establish systea architectural alternatives based on defense missions 
and objectives, threat assessments, and weapon/sensor technology assessments. 
From these candidate architectures, system component performance requirements 
will be derived. 

The Threat task will provide projections of possible ballistic 
missile threat force structures usable against the U.S. and its Allies. 
Analyses will be conducted to define responses which night be invoked to 
counter defense concepts. All information will be tuaintained in a 
centralised data base. 

The Systems Architectur e taste is structured to define and evaluate 
candidate system architectures, system concepts, and paranetric tradeoffs 
leading to the evaluatioa of preferred architectures. This sill allow 
assessment of key technologies and systea functions, the pilot architecture 
being developed by a teas froa Federal Contract Research Centers (FCRCs) and 
National Laboratories will provide an early formulation of these systea 
architectures and tradeoffs and an initial reference to SDIO for evaluation 
and coa£arison of alternative architectures that are developed by industry 
contractors as part of the SM Systea Architecture and Key tradeoff Study, 

The grograa Integration t-aslt is designed to synthesize and integrate 
the data generated by the systems architectures and coordinate the technical 
inputs at the systems level with the technology programs in other SDI prograa 
eleaents. Additionally, the adequacy of the industrial base necessary to 
support the SDIO plan and perfots studies and analyses that perait the imple- 
mentation of cost saving aeasures irfll be evaluated. 

The F u ncti oaal Analyses and Modeling task will analyze cross-cutting 
system: functions such as discrimination, track data base and handoff , and 
kil.1 assessment. These functions are pervasive throughout a multi-tiered 
defensive concept and nust be planned for in an integrated manner. The 
reauireaents of these functions will undoubtedly drive the data processing 
requirements for which the battle aanagetaent technology effort must provide 
the necessary research. 

The S y st e ms^ C on c ept s task is structured to define boost, post-boost, 
Thidcourse, and terminal system performance requirements. Detailed trade 
studies vill support cost-effective concept decisions and analyze key issues 
concerning functional requirements for system components. Advanced technolo- 
gies will be evaluated in a systems context to ensure that risk is properly 
assessed. A detailed multi-tier computer simulation will integrate models of 
interceptors, sensors, and BH/C in order to do component tradeoff studies 
and derive effectiveness estimates of each tier. 

2. Program Accomplishments and. Plans : Enphasls in Ft 1984 was on de- 
fining the baseline threat and generation of baseline SDI systea requirements. 

In coordination with the intelligence community, a time-phased ex- 
pected strategic threat arid attack scenario was defined. Strategy and policy 
issues,; and constraints are regarded as inputs and outputs. Architecture 
methodology and selection criteria are utide" development. Analyses and 
evaluation of boost, post-boost, midcourse, and terminal phase SDI concepts 
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initiated in previous years were continued. Strawman system conceptual de- 
signs and iterated allocation of resources and constraints among defense 
phases in sufficient detail to document initially perceived SCI system re- 
quirements were developed. Architectural systems and cost models with inter" 
active application and refinement to the architectures were chosen on a more 
generic level. Examination of the impact of future technologies and national 
strategic defenses, strategy and policy is beginning. 



To supplement the initial analytical approaches , the FY 1985 effort 
'is concentrating on developing modeling capability and simulation facilities 
(hardware and software) that provide the flexibility to analyze and evaluate 
evolving technologies and system designs as well as responsive enemy threats. 
Emphasis is on developing system-wide compatible simulations, 

An initial baseline threat document is being published* Threats 
and scenarios are being continually reexamined and reanalyzed as new data 
is collected. Flexible threat drivers are being developed to input system 

sisulations. 

Analyses and evaluations of all phases of a sulti™tier defense system 
are continuing, but aspbasis is on eodeling the various subsystems such as 
sensorTreapon platforms, and battle environments such as sensor noise back- 
grounds. In addition, component and subsystem cost eodels ate being developed 
as technology evolves. Simulations that allow realistic measurements of sys- 
cea performance are being construct^ to the degree possible, for an evolving 
system design. These siailatioos should provide the major tools for (1) eval- 
uating parasetric trade-offs of alternate technologies/concepts; (2) accurate- 
ly determining weapon leakage and defense system survivability; (3) estimating 
defense system degradation under various attack scenarios; and, (4) conducting 
cost-effectiveness comparisons of alternate technologies/ approaches. 

Detailed analyses are being made of multi-tier BM/C issues, and 
development of a BH/C national ground test facility mi development evalu- 
ation facilities are being initiated. System engagement simulation models 
that incorporate realistic 3H/C , Soviet threat and environment models ate 
being defined and developed to assist mission evaluation and performance 
requirements generation. Preliminary concepts of operation are being deter- 
mined and pacing technologies identified. 

Projections and impact studies of potential future technologies and 
national resource requirements are continuing in an effort to identify likely 
drivers in weapons, sensors, support, operations and maintenance for a pro- 
jected aulti-tlered ballistic missile defense. 

The evaluation and analysis of evolving SDI technologies and designs 

with emphasis on the internal system interfaces are continuing. The analysis 
of potential responsive threats with which the system will have to cope and 
the development of appropriate scenarios for use in system simulations and 
evaluations is being pursued. The detailed analysis of multi-tiered battle 
tnanageaerit/C issues and architectures is also continuing. The concept defi- 
nition of a development evaluation facility is expected to be completed. 



SURVIVABILITY LETHALITY AND .KEY TECHNOLOGIES (P.E. 63224C) 

this program includes technology for enhancing survivability, reducing 
uncertainties regarding kill mechanisms and vulnerabilities;, evaluation of 
countermeasutes, investigating the needs of logistics-, and- improvement of 
space power. It includes 4 projects and 16 tasks* 

A. PROJECT: OOlQ - Systea Survivability 

FY 1984 FY 19S5 FY, 1986 FY j.987 

System Survivability 9.20 36.20 72.15 88.70 

Survivability Assessment 1.50 3.45 4.90 

Survivability Analysis 3.60 5.00 6.00 

Threat Refinement 3.00 3.25 5.10 

28.10 60.45 72.70 



1. Project Description : The SDiO is charged with the responsibility 
of conducting research on promising technologies and evaluating concepts for 
defense-in-depth systems. Such concepts must be affordable and possess two 
major attributes - effective kill capability and enduring survivability. 

The Survivability Project is a balanced set of four tasks that will 
concentrate oh efforts to; (1} describe Eore fully a threat, (2) assist in 
the development of a system architecture with adequate survivability, (3) 
develop hardening techniques, and (4) develop active and passive counter- 
measures. The project is structured to satisfy the needs of the systems 
analysts, systeas designers, and technologists in their efforts by: (1) iden- 
tifying promising survivability concepts, techniques, and tactics, (2) en- 
suring such concepts and tactics are evaluated in the context of performance 
of and penalty to SDI candidate systems, (3) developing the generic tech- 
nology base for systems designers to apply the effective survivability 
measures to designs of candidate systems, and (4) defining a threat to sup- 
port survivability evaluation and counteraeasures development. 

A more detailed description of a threat will be developed to inves- 
tigate survivability needs and develop a broad data base fot selecting sur- 
vivability technology and techniques. An analysis and evaluation capability 
is being further developed and refined to: (1) survey, document, and period- 
ically update the status of survivability activities, (2) assist the Systems 
Architect in survivability matters for development of the architecture and 
making engineering decisions, and (3) develop a set of recommended systems 
requirements for a survivability data base. Based on the threat and systems 
needs, a technology data base will be developed for use by systems designers. 
In the counternaasures area, a major effort will be undertaken to Investigate 
promising technologies. 

2, Fro graa Accomplishmentg 3rit j Pla ns: A nusher of Service and Agency 
programs have examined the ptobkia of space systea survivability and funded 



Che development of the requisite technologies. Portions of these on-going 
programs were moved into the SDI survivability program in FY 1985 and beyond. 
In FY 1984, efforts were focused on SDI issues to ensure that the Services 
and Agencies responsible for executing SDI would be in a position to use 
effectively funding appropriated in successive years. Experimental data and 
analytical results pertaining to the response of spacecraft components was 
compiled. 

Activities in FY 1985 have continued the basic technology program. 
Snrvivability/endurability requirements and goals for system elements are 
being defined. The performance capabilities of candidate technologies are 
being defined. Testing of selected materials and concepts will be conducted, 
and nuclear-hardened detector development has been started. Promising 
materials and configurations are being explored. In the countemeasures 
area, a maltiyear development and test program is planned to support system 
concept definition efforts. In FY 1985, requirements and concept studies 
initiated in FY 1984 are being coapleted, aid the design/development is 
continuing, Competitive contracts have been initiated. 

Activities and efforts begun or transferred into SDI in FY 198$ and 
1985 will continue in FY 1986. A aajor change is being made to bring focus 
on these activities into synchronlsa si 1 * tlls P lms of SD10 > s0 tkat: i afq> ™ 3i 
decisions nay be Bade in the early 1980s. Survivability experts writing 
within this project are participating with the poops involved in SDI. They 
are also reviewing and will continue to review contractor activities con- 
cerning investigations relative to survivability. Host of these experts are 
also participating in activities that bring a significant cross-fertilization 
of concepts and development to relevant activities. This consultation and 
cross-fertilization will take a major contribution to SDI efforts in FY 1986 
and for the following several years. 

There is an urgency for prerequisite information on policy and 
strategy for a strategic defense. Some preliminary suppositions regarding a 
threat have been generated. Part of the FY 1985 activities has been to make 
intelligent assumptions on strategy against a postulated threat. In FY 1986, 
analysts and technology investigators will proceed with the four major tasks, 
using the results available from the pilot architecture and the initial Phase 
I System Architecture Studies. 

Specifically, several independent top-level assessments and analyses 
will he initiated by SDIO to provide hard, discrete information on a number 
of issues concerning the overall survivability policy and strategy associated 
with SDI. Several contracts will be undertaken to stimulate innovative 
thinking and evolve bright ideas for enhancing survivability. The analyses 
task in FY 1986 will continue including construction and refinement of the 
set of options for negating or mitigating a threat. It sill include a pre- 
liminary analysis of tactics and techniques, and an evaluation of the status 
of survivability activities in relevant systems projects. In addition, this 
task iS' expected to generate a set of recommendations for improving surviva- 
bility in systems concepts where required. The task on active and passive 
countermeasufes is expected to require the largest Increase in funding for 
the survivability project in FY 1986. The increase will be incurred as a 
result of the need for substantial investments in a number of investigations. 



There will also be some laboratory testing and simulation performed for 
some of the pore advanced and less complex techniques* Initial guidelines 
for hardening will he developed. Engineering compatibility analyses, will be 
performed. A design handbook will be generated for use in designing protec- 
tion of space assets. It is anticipated that significant progress iii active 
countermeasures will be made in. defining the -requirements. Overall counter- 
measure design projects should produce some significant concepts. 

It is evident that there are cowonalities and seme mistakenly per- 
ceived duplications between survivability and lethality projects. There are 
instances when cotraon projects can yield information for both fields. In 
fact, there are far more voids of information, in both areas than there are 
potentially duplicative activities. There will be substantial coordination 
in FY 1986 to ensure the most efficient use by technologists in both areas 
and to design projects that meet coheoq needs. 

Survivability is not an end item of itself but a vital attribute to 
the design of a strategic defense. As such the whole program is designed to 
determine what is occurring in survivability; to assist others itt making best 
use of technology and techniques; to assist in the development of evaluation 
techniques and engineering solutions; and to develop a wide-use survivability 
technology base for designers. To these ends, this program is designed to 
have an experc grasp of technology and information adequate to support deci- 
sions regarding strategic defense survivability in the early 1990s. 

As a systea architecture matures, there will be an evident need to 
increase specific and discrete support for evaluations of systems concepts. 
As systems concepts are described sore adequately, there will be a continuing 
vigorous program which both anticipates systems designers and evaluators. At 
the sane timet there will be continuing efforts to extend the knowledge 
concerning technology and ideas that show promise in enhancing survivability. 

Projects involving both active and passive coufttemeasures may re- 
quire some flight and space experiments, or other extensive laboratory and 



PfiOJECT: 0Q1I - lethality and Target Hardening 

FY 1984 FY 1985 FY 1986 FY 1987 

lethality and Target Hardening 11.30 63.30 103.50 121.60 

Thermal Lasers 
Impulse lasers 
X-Ray Lasers 
Particle Beams 
Kinetic Energy 
High Power Microwaves 



1. Project Description s The report of the Defensive Technology Study 
Team cited the importance of lethality and target hardness efforts by noting 
that accurate knowledge will be needed of the effects that various weapon 
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concepts have on targets. This project has six casks. Its purpose is to 
determine the comprehensive effects on damage to and vulnerability of a 
variety of targets. Test data will be used to validate theoretical models of 
the response of electronic subsystems and will determine the induced struc- 
tural response and failure modes. In addition, the data base developed will 
be provided to the Systems Survivability project and will be used as the 
initial basis for estimating the vulnerability of potential U.S. defensive 
systems to foreign threats. This information will allow technical trade off 
evaluations to be made and will support decisions on which specific ballistic 
missile defense system concepts might be selected for farther development. 
'Testing on realistic systems and mock-ups will allow determination of weapon 
lethalities before large investments are made. Hardening techniques will be 
developed, incorporated into system testing, and evaluated with respect to 
performance, mission impact, cost, aaintainability, and survivability to 
collateral effects. All SDI Lethality and Target Hardening efforts will 
be closely coordinated with complementary weapon research efforts in the 
Department of Energy. 

2. Program Accomplishments and Plans : For a number of years, various 
Service and Agency programs have funded limited examinations of lethality and 
target hardness issues for particular applications. Portions of these pro- 
grams were integrated into the SDI lethality program in FY 1985 and beyond. 
The funding reflected in FY 1984 in SDI was used to focus these on-going 
efforts on SDI issues to ensure that the Service and Agencies responsible for 
executing SDI were iu a position to effectively use funding appropriated in 
FT 1S85. 

A nuaber of subscale experiments were conducted in certain facili- 
ties (laser Test Range, the Sandia Optical Range, the Air Force Weapons 
laboratory, the Department of Energy Laboratories, numerous universities, 
and other laboratory laser facilities) to provide a detailed understanding 
of material and structural response. Validation experiments were conducted 
and assessments were performed using existing data. Design of initial test 
samples and test hardware is being completed during FY 1985, and material 
hardening evaluated based on preliminary test data. Test methodologies will 
be constructed and applied to component, subsystem, and system testing. 
Analytical and computational tools are being developed to determine technical 
feasibility and cost impacts. 

lethality and Target Hardening efforts initiated in FY. 1984-1985 
will continue in FY 1986 with emphasis on testing at the dedicated test 
facilities. 

C. PROJECT: 0012 - Space Power and Power Conversion 

FY 1984 FY 1985 FY 1986 FY 1987 

Space Power and Power Conversion 2.00 11.00 63.80 76.80 

Multimegawatt Management 1.00 3.20 3.90 

Hultimegawatt Industry Concept 1.00 3.20 3.90 

Multimegawatt Lab Concept 1.00 3.20 3.90 

Hultimegawatt Technology 38.20 45.40 

SP-100 (100 kWe Class) 8.00 16,00 19.70 



1. Project. Description : The vase majority of electrical potter used on 
current spacecraft is generated using solar arrays. Other techniques need to 
be investigated to satisfy the needs of the various elements o£ any deployed, 
multi-tiered defense system. This project has been established to develop 
■power generation and conversion .technologies capable of providing large quan- 
tities of specially conditioned electrical power for SDI needs. This project 
consists of two primary tasks: the joint SDI/DOE Multimegawatt (MMW) task 
and the joint SDI/NASA/DQE SP-100 task. (A third possible task, generic 
power conditioning, is under consideration but is not included in the current 
budget figures.) 

SP-100 is a IQO-ktte-dass nuclear power subsystem which can be ex- 
panded to power levels of 1 or 2 megawatts. This technology is needed to 
provide not only moderate continuous power levels for various SDI missions, 
but also as an enabling technology for several NASA and non-SDI military 
missions planned for the 1990s. DOD representation in the tri-agency SP-100 
project was transferred from DARPA to SDIO in October, 1984. In FY 1985, the 
SP-100 project is completing the system definition and concept selection 
phase, and is proceeding into engineering tests of critical components in FY 
1986. The major elements of the current phase are safety, mission analysis 
and requirements, system definition, and supporting technology development. 

The HMff project is being initiated in FY 1985 to address the SDI re- 
quirements for both high-level continuous power and burst-node power. The 
objective of the MHH project is to advance the technology sufficiently by 
1991 so that ground engineering subsystem development can be initiated on one 
or two concepts that have the potential for satisfying mission requirements 
within acceptable cost and mass constraints. The strategy is to: (1) 
solicit and evaluate a broad spectrum of poteutial concepts from industry and 
laboratories! (2) narrow the nmaber of potential concepts to 5 or 6 by early 
FY 1986 and embark on both generic and concepts-specific technology develop™ 
dent, (3) further narrow the number of concepts to 2 or 3 by FY 1988 and 
focus the primary technology efforts in Support of these concepts, and {4} 
continue to develop the data base for these concepts to enable selection of 
the design(s) for ground engineering test. Both nuclear arid nonnuclear power 
sources will be evaluated. Examples of power conversion options include open 
and closed Brayton cycles, Kankine cycles, magnetohydrodynamics, and ther- 
mionics. To support the SDI power subsystem development activities, an in- 
dependent evaluation group (IEG) is being forced in FY 1985. The functions 
of the IEG are to: (1) advise the SDI Space Power Project Office on the 
technical merits, trades, and technology needs of proposed concepts, (2) to 
identify and track the evolving SDI power subsystem requirements and inter- 
faces through coordination with other SDI program elements, and (3) to 
provide power subsystem analysis and models to support SDI Systems Analysis 
(P.E. 62223C). 

2. Pr qgr am.Accomplishments and. Plans : the SP-lOG project proceeded 
on-schedule and within cost in FY 1984. The primary areas of study were 
system definition, technology development, safety, and mission analysis aitd 
requirements. Three systems contractors were selected to continue prelior 
iriaty design and analysis of baseline, backupj and growth configurations. 
The project focused on identifying, and resolving the technical feasibility 
issues associated with three candidate systems; (1) a fast liquid-lithium 



cooled reactor coupled with an advanced thermoelectric converter, (2) an 
in-core thermionic system with a pumped sodium-potassium coolant, and 
(3} a relatively lowrtemperature fast reactor coupled with a free-piston 
Stirling engine system. Safety issues have been identified for all three 
systems., and independent criticality analyses are being performed for both 
normal operation and. accident modes. Within the technology developaent 
activity: (1} a high-efficiency, lanthanum sulfide, n-type thermoelectric 
material has been tested successfully on a laboratory scale, (2) candidate 
insulator materials for long-life thermionic cells are identified, (3) and a 
contract was awarded to build a 25kWe free piston Stirling engine to verify 
scale-up capability and operation at low temperature ratios. Mission studies 
have identified an abundance of military, NASA, and commercial payloads which 
are enabled by or could benefit from the SP-100 power system technology. As 
an extension of the SP-10G project, several preliminary configurations for 
providing continuous and burst-mode multi-megawatt power levels were genera- 
ted to aid in the planning of the HMK project* 



The SP-4G0 continues to focus on. the system analysis and supporting 
technology development necessary to allow a single baseline configuration to 
be selected in July 1985 for subsystem and component engineering tests. 
These development tests are necessary to enable a flight prototype system to 
be available in time to support "near^tera" military missions in the mid 
1990s, should such a decision be made. Technology development activities to 
support the July 1985 decision include in-pile testing of candidate full-clad 
combinations, irradiation tests of thermionic cell insulators, continued work 
on a high-efficiency, frtype thermoelectric material, and initiation of tests 
on the Stirling engine* Safety evaluations of the three configurations is 
continuing. Guidance is being issued on reentry design options. Mission 
analysis is being expanded to include payloads requiring moderate levels of 
continuous power. In the area of management, a new Memorandum of Agreement 
among the participating agencies is being prepared for Phase 2* 

FY 1985 is primarily a planning year for the MHtf project. The FY 
1985 budget allows for only top-level configuration studies and screening of 
these concepts. The key activities in FY 1985 are: (1) establishment of the 
MMW SDl/DOE management structure including a supplemental Memorandum of 
Agreement, (2) formation of the IEG, (3) solicitation and assessment of 
advanced concepts for MMW subsystems and components, (4) screening of con- 
cepts for further development in FY 1986, and (5) revision of the technology 
development plan to reflect the generic and concept-specific technology needs 
of the MtW power subsystems. 

Having selected the SP-100 configuration for a ground engineering 
system in FY 1985, the main programmatic milestone in FY 1986 is selection of 
and awarding of the contract to a systems contractor to do the detailed 
design and development of the test articles. The major test item is the 
reactor which will be the first space reactor built in the United States in 
over a decade. An appropriate DOE site will be selected for the reactor 
test. The other engineering tests to be performed include the power con- 
version, heat transport, and heat rejection subsystems. The technology data 
bass developed under the SP-100 project can be applied directly to the MMW 
project. 



For -the-MHW project, FY 1986 marks the beginning of the technology 
development effort needed to support the selection to the final feasibility 
decision on the ground engineering configuration s) and contract awarding of 
the follow-on studies. Program risk is highly dependent on the number of 
concepts which can be studied in FY 1986 and FY 1987 since SDI power require- 
ments are evolving during this time period, and many technical feasibility 
issues associated with the power subsystems need to be identified and ad- 
dressed. The focus of the effort is on identifying power subsystems which 
are reliable, suryivable, and affordable within the context of the SOI archi- 
tecture, and resolving the related feasibility issues. Large reductions in 
power subsystem mass are necessary before- deployment will be practical. 
Design analysis and configuration optimization studies on approximately sir. 
concepts will be initiated and continue through FY 1986. Both the generic 
and concept-specific technology development activities will be initiated at 
the beginning of the fiscal year. Both nuclear and nonnucleat concepts and 
technologies will be pursued * The generic technology areas include nuclear 
fuels, surety, power conversion, materials, thermal management, energy stor- 
age, and controls and instrumentation. Fewer subsystem modeling and analysis 
tasks will continue through FY 1986 to support both the. IEC and SDI Systems 
Analysis (P.S. 62223C). 

Ground engineering tests of the major SMOO subsystems will be 
completed in FY 1990 at which time technical feasibility will have been es- 
tablished. This schedule is based, of course, on total anticipated funding 
levels from the three participating agencies. It is expected that the timer 
frama of the initial mission for the SP-100 technology will have been estab- 
lished firmly by the end of Phase 2 and that the project will be restructured 
at that else. For the Md project, selection of candidate concepts will 
continue through FY 1990 followed by a decision on ttijidt design or designs 
will proceed into ground engineering tests. 

D. PROJECT: 0013 -Space Logistics 

FY 1984 FT 1935 FY 1986 FY 1987 

Space Logistics 1.00 1.50 18.70 29.60 



1. Project Description ? The Defense Technologies Study and on-going 
analyses have indicated that the economic feasibility of multi-layered bal- 
listic missile defense systems against a fully responsive threat may well 
depend on our ability to reduce significantly the cost of logistically sup- 
porting such systems. This project funds the definition of various space 
logistic architectures, and the identification and development of the needed 
technologies. Areas to be investigated include, but are not limited to, 
heavy lift launch orbit-to^orbit assembly/servicing, robotics, reusable 
systems, and advanced cyrogenic engine systems. Because both MSA and the 
Air Force have interest ia future space logistics infrastructures, joint 
studies are envisioned. In addition, it is not clear that there is adequate 
knowledge of a logistics infrastructure to support a complex space force of 
the magnitude and complexity envisioned. This project is established to: 
(1) pursue research in these areas, (2) bring a logical focus to work on 



potential relevant: technologies, and (3) construct a body of knowledge which 
would contribute to making an informed decision regarding systems develop- 



2. Progr aa Accomplishments an d. Plans : The Air force and NASA Here 
advised of the recommendations and conclusions of the DTS in the space 
logistics area and a snail supplemental funding of less than $1 million 
was directed in FT 1984 to focus on-going efforts on SDI issues. 

The primary objectives in FI 1985 are to structure a management 
organization and to complete planning for outyear investments. A joint 
SDIO/Air Force/HASA Space Logistics Study is being initiated to examine 
the total infrastructure and capabilities need to satisfy emerging SDI 
requirements. Critical trade-offs between competing approaches to more cost- 
effective space transport are being conducted including the key trade-off 
between assembly on orbit and launch of integrated payloads. The principal 
output from this study sill be: (1) a detailed investment strategy for tech™ 
nology funding ia FY 1986 and the outyears, and (2) support to systea archi- 
tects and system designers in the area of space logistics. Technologies that 
are: candidates for funding include improved cryogenic engines, reusability of 
lift and transfer capabilities, and zero-gravity transfer of propellents; the 
infrastructure of an entire logistical support network; and a refined invest- 
ment strategy to provide ,!he expert body of knowledge to nake informed de- 
cisions. 

Efforts should be conpleted on the initial study to describe both 
the immediate and longer tern goals for research, the more promising tech- 
nology pursuits, and a reasonable investment strategy. This study will be 
continued and expaodsd to examine more thoroughly the underlying foundation 
and fraoerark of the logistics netsork to determine Its extent and xole in 
any defense force. It will be integrated with the overall SDI architecture 
te assist in establishing the needs of the major systems, criteria for eval- 
uating logistical support in the system, and in offering engineering solu- 
tions, Paraaetric studies will be performed to measure pay-offs for promis- 
ing technologies. Research programs will be initiated notably in cryogenic 
engine technology. Other initiations will depend on the results of t&e 
initial study. Continued studies will be funded at approxiaately $4-5 mil- 
lion. Various technology research efforts will be funded using the balance 
of available funding. There will be a high degree of cooperation between the 
Air Force and HASA on this project. 

Goals are being established so that enhancements for the next decade 
can be envisioned adequately by 1990 with Improved capabilities for a more 
ambitious force after the turn of the century. This task could be pacing for 
the decision whether or not to develop a system and might be a major cost 
driver in the overall architecture. It is clearly recognized as a program 
that must be time-phased with the overall objectives of the SDI. 



SECTION XII 
GENERAL MANAGEMENT SUPPORT (P.E. 65898C) 



This program includes the support for management i 
Director and staff of the Strategic Defense Initiative Organization. The * 
support includes civilian pay, ttavtt expenses, transportation, rents, con- 
tracture! services, supplies, and equipment. The sole project is identical 
with the program. 

A. PROJECT: 0001 - Program Hanageaeat 

FY 1984 FY 1985 FTJ986 FY 1987 

Program Management 8.00 9.22 10.00 



I. Project Description : This project provides the management support 
; for the SDIO Director and staff. Specifically, the Director and 
staff: plan and manage the resources in the five SDIO technical program 
eleoents end this taanagenent support progras eleceat; act as the priisary 
agent for technical advocacy of the SDIO progress; support in-house efforts 
to conduct research in selected scientific areas related to SDIO needs; 
aonitor and survey research into technologies of interest to the SDIO; 
provide liaison cits the scientific community in areas of interest to SDIO; 
stimulate creative and innovative research that has the potential for 
advancing technology for the strategic defense nission; work closely with 
other government agencies ou SDI activities; and support the Secretary of 
Defense in SDI matters. 

The resources for this project are less than 1% of the overall SDIO 



2. Program Accomplishments and Plans : Hie SDIO sas established as ao. 
Agency of the Department of Defense in FY 1984* When the SDIO subsuaed the 
activities considered to be a part of the SDI, the Organization tegaa to 
provide its own general management support. 

There has been a continuing growth of the SDIO and its activities. 
Modest program increases in this elesent provide for funding to increase 
civilian manning to authorized levels and' general isanagesecit support of the 
Strategic Defense Initiative Organization. 



SECTION XIII 
RESOURCE REQUIREMENTS 



The ongoing activities and resources that the Strategic Defense Ini- 
tiative received at its inception consisted of many Service and Agency 
programs, plus resources for investing in new starts and for tailoring 
the existing prograas to SDI needs. One such ongoing effort was the Aray 
Ballistic Missile Defense prograa. A second eraaple was the effort in- 
volved in iaptovihg aissile launch detection programs for warning of 
nuclear attack. The aajority of the resources previously planned for 
this first group of programs were, ia fact, applied by the SDIO to that 
group. Intensive planning and evaluation activities over an IS^sonth 
period f roa Harch 1983 by independent study groups and the SDIO staff, 
supported by DoB Services and Agencies, K4SA, and DoE, resulted is plaas 
to invest additional resources to refocus and enhance these existing pro- 
grass and begin needed new ones. Such planning activities sill continue 
for at least the reaainder of FY 1985. 

Estiaates ere that the SDI will cost about 526 billion between fiscal 
years 1985 sad 1989. This aaonat represents less than 22 of the defense 
budget, and less than 152 of the: defense research budget for this period. 
The Department of Defense and Departaent of Energy had planned to request 
between $15 - 18 billion during this period for related research activi- 
ties, even without a new focus on ballistic nissile defense. Indeed, 
many of the new technologies, such as sensors, sere already recognized to 
have great potential for a wide range of defense missions. 

In the SDIO proposed budget, the largest single itea is the Surveil- 
lance, Acquisition, Tracking and Kill Assessaent (SATKA) prograa, which 
represents alnost 402 of the total prograa. Hork in weapons-related 
areas is about evenly divided between directed energy and kinetic energy 
technology. It is particularly iaportarit to note that about 5Z of the 
SDIO budget has been reserved for innovative science and technology 
programs. 



SDIO BUDGET SUMMARY (5 in Millions) 



FT 1985 FY 1986 FY 1987 
Appropriation Request Estimate* 



Surveillance, Acquisition, 

Tracking and Kill Assessment $ 546 



Directed Esergy Weapons 



Kinetic Energy Weapons 
Technology 



Systeas Concepts/Battle 



$1386 


$1875 


$966 


$1156 


$860 


$1239 



Survivability, lethality, 

sad Kay Technologies $ 112 $ 258 

General Kanagesent Support § 8 $. . 9 

Total 51397 $37?2 

Soae rounding occurs. 



TBE STRATEGIC DEFENSE INITIATIVE (SDI) AND THE ALLIES 

A.l CONSULTATIONS WITH ALLIES ON SW 

A.l.l CONCESSIONAL RESORTING SEQtUBQEil 

The following addresses the Conference Arced Services CocEittee 
Report request on "...the status of consultations with other member nations 
of the North Atlantic Treaty Organisation, Japsn, and other appropriate 
Allies concerning research being conducted in Che Strategic Defense 
initiative Program." 

Additionally, the Boose Armed Services Coeaittee Report (98-691) rer 
quested that the Secretary of Defense review the feasibility of establishing 
a liaison cMaaittee sith the Allies to coordinate strategic defense efforts. 
Koting "that since the Strategic Defense Initiative has generated world-side 
interest," the Cesittee "...directs the Secretary of Defense to explore the 
feasibility of establishing a liaison conaittee to serve as a- cotEajnication 
link between the U.S. strategic defense prograa end the U.S. Allies, with 
eaphasis on coordination and sharing of strategic defense efforts." 

A.S.2 STRUCtuRR 

The U.S. has maintained extensive contacts Kith Us Allies on the 
Strategic Defense Initiative. Section A.l outlines the various consultations 
that have, occurred with Allied officials and discusses, inter alia, various 
consultative efforts planned for the future. In light of these activities 
Section A.1.9 then evaluates the House Araed Services Coeaittee proposal for 
establishing a liaison committee. 

A.1.3 ERESBEW REAGAN'S MARCH 1383 StEECH 

Oh Hatch 23, 1983, President Reagan announced his aspiration of ren- 
dering ballistic missiles "impotent and nbsolete". lis speech inaugurated a 
majjor policy aed technology review that led to a broad and intensive research 
program known as the Strategic Defense Initiative. In the speech, President 
Reagan was clear about the strong and unbreakable U.S. commitment to its 
Allies and his intention to consult with the* regarding this important tech- 
nology review. 

"As we pursue our goal of defensive technologies, we recognize 
that 'our Allies rely upon our strategic offensive power to 
deter attacks against thein. Their vital interests and ours are 
inextricably linked— their safety and ours are one. And no 
change in technology can or will alter that reality. We must 
and shall continue to honor our comitfleuts." 

"I clearly recognize that defensive system have limitations 
and raise certain problems and ambiguities. If paired with 
offensive systems, they can be viewed as fostering an aggres- 
sive policy and no one wants that." 
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"But with these considerations firmly in mind, I call upon the 
scientific community who gave us nuclear weapons to turn their 
great talents to the cause of mankind and world peace; to give 
us the seans of tendering these nuclear weapons impotent and 
obsolete." 

"Tonight, consistent, with our obligations under the ABM Treaty 
and recognizing the need for close consultation with our 
Allies, I am taking an important first step." 

Concern for and recognition of Allied interests are thus a part of the SD1 
effort from its inception. 

A. 1.4 IKlTlAXlOS 0? COSSOLTiTlON 

As a result of the President's speech, the two sajor government 
studies were conducted during the susaer and fall of 1983 to evaluate the 
technical and policy implications of advanced defense against ballistic 
missiles. The policy study in particular esaaincd whether and how advanced 
ballistic aissile defenses aight fit in NATO's strategy of flexible response. 
The studies confinsed chat an effective defense against ballistic aissiles 
could enhance U.S. and Allied deterrence and security and tliat such defenses 
would be fully consistent with Alliance strategy. Based on the results of 
these studies, the President in. establishing the SDI research effort, 
directed that consultations be held with the allies on SDI. Thus, froa the 
beginning of the study efforts, the O.S. has sought to ensure first that 
Allied interests and concerns were an integral part of the approach, and, 
secondly, that peabers or HATO and other Allies o£ the united States sere, 
and remain fully aware of O.S- thinking. As the O.S. eaharked on this 
research program, it was recognized that it was of the highest importance 
that the O.S. and its Allies work together on understanding the policy and 
technical isplications of those developments for deterring both nuclear and 
conventional aggression. 

We have been consistent in meeting the concerns of the Allies direct- 
ly—at all levels of the Allied governments— by providing the Allies the U.S. 
view of the political, military and technological basis for SDI. The follow- 
ing section illustrates some of the many consultations the U.S. Government 
has conducted on the Strategic Defense Initiative with the Allies beginning 
in 1984. 

A.1.5 MDXTILATESAL CONSULTATIONS 

a * Briefing Teams to Allied _ Capitals 

Following President Reagan's decision on Allied consultations embodied 
in a Presidential Decision Directive, Administration briefing teams were sent 
to the capitals of Allies in Western Europe and the Pacific. The interagency 
teams were composed of officials from the Office of the Secretary of Defense, 
the Organization of the Joint Chiefs of Staff, the Department of State, and 
the Arms Control and Disarmament Agency. The European team briefed NATO 
Allies during early February 1984, The Pacific team visited Ottawa before 
- traveling to Tokyo, Canberra and Wellington. As a preliminary step, Allied 
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military attaches in Washington ware presented with a briefing in order to 
ensure that they were informed and to provide them an opportunity to pass 
preliminary views to their governments in the interest of facilitating 
discussions with U.S. representatives. 

The Allies were .presented a three-part briefing covering the scope of 
the Soviet efforts in both conventional ABM capabilities and advanced ABM 
technologies, the results of U.S. study of the policy implications of SDI and 
the dimensions of the U.S. technology research and development program. 

b. Ministerial Session at^the_Ktigle_ar Planning Group 

Ac the Kuclear Planning Group (NPG) Ministerial session in Cesse, 
Turkey, 3-4 April 1984, the United States presented a briefing on the policy 
and technology aspects of SDI. 

Secretary Velnberger assured the Allies that the United States fully 
intended to continue consultations, noting that the briefing at the SPG arid 
earlier briefings in the Alliance weire evidence of U.S. efforts. The Secre- 
tary stressed that he would welcoEe Allied technical participation as this 
could sake significant contributions to the SDI prograa. 

c RATO Military Coraittee Briefing 

Officials of the U.S. government provided a similar policy aad. 
techaology briefing to a plenary session of SAXO's Military Cosrittee in 
July 1984* 

d. Korth Atlantic Council and High Level Group Meeting 

In July 1984, high ranking U.S. government officials set with the per- 
manent representatives of the Sorth Atlantic Couacil and NATO's High Level 
Group to discuss SDI. The discussion focused on the origin and purpose of 
SDI, implications for deterrence and arms control and the potential benefits 
for the Allies. 



The Nuclear Planning Group (with representatives of all the SATO nations 
except for France and Iceland) meets at either the level of Defense 
Ministers or Permanent Representatives. 

The 'Military Connittee is the highest military authority In HATO. Member 
nations are represented usually by their Chief of Staff or his permanent 
designated representative (except for France which is represented by a 
military mission and Iceland which can be represented by a civilian since 
It has no tuilitary forces). 

The North Atlantic Council is comprised of permanent representatives of 
Ambassador rank appointed by 15 &AT0 nations. 

The High Level Group is comprised of senior level officials from the member 
nation's Ministries of Defense. 



e. North Atlantic Council Meeting 

In February 1985, an interagency team briefed a morning and afternoon 
session of the Notch Atlantic Council's permanent representatives. The 
briefings included the Soviet efforts in research and development of defenses 
against ballistic missiles and a programmatic briefing on the SDI program. 

A. 1.6 OTHER CONSULTATION EFFORTS 

In addition to the high visibility consultations which have occurred 
in both multilateral and bilateral fora, there have been continuous U.S. 
efforts to meet with the Allies at the mid-level when representatives of 
Allied nations come to the United States. 

A.I.7 CONSULTATIONS OK TECHNOLOGY COOPESATIOS 

Over the next several years, the U.S. sill work closely with its 
Allies to ensure that, in the event of any future decision to deploy defen- 
sive systems (a decision in which consultation with the Allies will play an 
important part) , Allied as well as United States security against aggression 
would be enhanced. 

Horeoverj the United States will, consistent with existing inter- 
national obligations including the ABM Treaty, proceed with cooperative re- 
search with the Allies in. areas of technology that -could contribute to the 
SDI research program. Pursuant to this policy, the United States is permit- 
ted—and is prepared— to undertake such cooperative programs on data and 
technology short of ABK component level as may he mutually agreed with Allied 



With respect to SDI, the United States will not seek to arrange for 
the Allies to do for the U.S. what it cannot do under the Treaty. Of course, 
exchanges with the Allies concerning defensive systems not covered by the ABM 
Treaty can continue as desired hy the United States and its Allies. 

A.1,8 SUTURE CONSULTATIVE EFFORTS 

The United States intends to continue an active dialogue with Allies 
on the range of policy and technical issues relating to SDI. Numerous formal 
and informal meetings are expected to be held over the next several months. 

A.1.9 FEASIBILITY OF ALLIED LIAISON COMMITTEE 



This report's description of numerous consultations which have occur- 
red with the Allies since President Reagan announced his research program and 
the many consultative efforts planned for the future makes clear that the 
U.S. has a very active diplomatic effort underway on the SDI. It is believed 
that this representative sample, though not exhaustive, demonstrates that the 
Administration's efforts to consult with the Allies have been concerted and 
responsive to the concerns of the Allies themselves. 

The formal aultilateral mechanisms through which consultations were 
conducted have served as satisfactory consultative fora, particularly for the 



discussion of political matters. These formal mechanisms include the North 
Atlantic Council, Nuclear Planning Group, High Level Group, Committee for 
National Armament Directors (CHAD), and the NATO Advisory Group for Aerospace 
Research and' Development (AGARD). Since these groups are existing entities 
within- the NATO structure, they provide established mechanisms through which 
NATO can hold regular meetings to discuss issues confronting the Allies. SDI 
has been and will continue to be a topic at those meetings. It is believed, 
therefore, that any additional mechanisms established would constitute an 
unnecessary bureaucratic layer. 

These existing formal mechanisms and informal and formal bilateral 
discussions with Allied officials have permitted consultations with mid- to 
senior-level officials including; individuals interested in both policy and 



The O.St will continue to use these mechanisms to keep its Allies 
fully informed on its discussions with the Soviet Union on SDI-related 
matters, including the on-going negotiations in Geneva. 

Since the SDI has implications that touch numerous aspects of Allied 
relations, the establishment of a single, new mechanise! for Allied consult^ 
tioc i on SCI -wsriifc have a constraining— rather than facilitating— effect on 
such necessary ^ahfultation. 

In the ares of technoMgyV bilateral discussions are important to de- 
termine the -degree .&*■#&&. &&ie& technical and scientific assistance could 
contribute to the SDI program Secularly scheduled, formal, multilateral 
meetings would he inappropriate fora for Allied technical participation due 
to the diversity of scientific and technical expertise of the Allies in SDI- 
related technologies. Additionally, setting up such a group would stifle the 
free flow of ideas necessary to scientific progress while at the same time 
creating a ponderous bureaucratic infrastructure that could consume funds 
without providing any technical results. 

In conclusion, the Adoiiiistration believes that a liaison committee 
for communication and coordination with the Allies on SDI is unnecessary and 
potentially counterproductive. It is firmly believed that this report re^ 
fleets the concerted efforts over the past two years to consult closely with 
its Allies on SDI-related matters. The U.S. will continue to consult with 
its Allies on a regular basis on all issues that arise while research efforts 
are continued In support of the President's Strategic Defense Initiative. 

A.2 EFFECT OF THE STRATEGIC DEFENSE INITIATIVE ON D.S. .ALLIES 

A.2. I CONGRESSIONAL REPORTING REQUIREMENT 

This section deals with the Congressional request on-. \.;,the strategic 
military and budgetary impact on our Allies of the Strategic Defense Initia- 
tive and related programs, including the impact of the possible deployment of 
Soviet fissile defense on the viability of the independent nuclear forces of 
our Allies and other countries as well as on American policies and capabili- 
ties relative to our extended deterrence posture." 



A.2.2 NATO'S FLEXIBLE RESPONSE POLICY AND SDI 

Since its founding in 1949, tits primary objective of the NATO Alliance 
has been to maintain the independence and territorial integrity of its member 
states by deterring aggression. While this objective has never been altered, 
changes in the military balance and the threat the Alliance has faced from 
the Soviet Union have, over the years, required 1 periodic changes in the means 
by which it has been achieved. 

In the years prior to Soviet acquisition of a substantial strategic 
nuclear capability, the U.S.'s overwhelming superiority in nuclear arms and 
the fact that U.S. vulnerability to Soviet nuclear attack was relatively low, 
meant that HATO could confidently deter Soviet nuclear or conventional ag- 
gression in Europe merely by threatening devastating G^S. nuclear retaliation 
against £hs Soviet Onion. Because Soviet retaliatory options against the 
U.S. vera lisdfad, this policy was both simple and credible. But as Soviet 
strategic nuclear capability grew, this, strategy became increasingly less 
credible. 

Since 1967, the HATO Alliance's strategy to deter Soviet aggression 
has been based on the policy known as "flexible response". Described in NATO 
document HC 14/3, flexible response is based on the assumption that deter- 
rence can best be maintained if the Alliance maintains the scans— both con- 
ventional and nuclear — to respond flexibly to a wide range of potential 
Soviet military aggression. 

Adoption of the flexible response strategy by MS) represented an 
acknowledgement that Soviet military capabilities, especially nuclear, had 
grown to such an extent that NATO's military doctrine no longer could fee 
based solely on a U.S. threat of massive retaliation to deter all possible 
levels of Soviet aggression, both nuclear and conventional. This dictated a 
change in the way in which NATO (jetatred Soviet aggression. In the face of 
Soviet strategic nuclear equivalence, a growing arsenal of nuclear weapons 
capable of striking Western Europe from within the Soviet Union and Eastern 
Europe, and the conventional force superiority that the Soviet Union has. 
traditionally enjoyed over NATO, the flexible response strategy called for 
the maintenance of a much broader mix of deterrent forces and capabilities. 
In the years since 1967, NATO has endeavored to develop and deploy the forces 
necessary to construct a "seamless web of deterrence"; that is, conventional 
and nuclear forces deployed in Europe and strategic nuclear forces, capable 
of acting together to deny the Soviet Union credible attack options, whether 
they be large-scale, limited, nuclear or conventional. This -is the context 
in which the U.S. is modernizing its conventional forces and intermediate 
range and strategic nuclear forces. 

But because Soviet capabilities through the 1970s and 1980s have not 
remained constant—their continuing increase in strategic nuclear inter- 
mediate-range nuclear, and conventional force capability relative to the West 
providing ever wider options for aggression—the challenges to NATO's se- 
curity interests continue to mount. One of the central challenges to NATO's 
flexible response strategy is the Soviet Union's increasing intercontinental- 
arid shorter-range ballistic missile capability. The growth of the Soviet 
Union's modern, accurate ballistic missile force has reached the point where 
it threatens NATO's ability to retaliate effectively to a potential Soviet 
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first-strike attack and has reduced' the stability of the strategic environ- 



Soviet SS-20s and other shorter-range ballistic missiles provide over- 
lapping capabilities to initiate nuclear or conventional strikes throughout 
all of NATO Europe. Soviet doctrine includes the use of conventionally-armed 
ballistic missiles to initiate rapid and wide-ranging attacks on crucial NATO 
military targets throughout 'Europe, such as- air fields, air defense sites, 
resupply ports, weapons and munitions storage sites, and C I and military 
headquarters facilities * The purpose of this tactic would be to reduce sig- 
nificantly NATO's ability to resist the initial thrust of a Soviet conven- 
tional force attack with conventional forces and to impede NATO's ability to 
resupply and reinforce its combatants from outside Europe. This is a serious 
and growing threat to the maintenance of a strong flexible response deterrent 
in Europe. But the threat does not end here. This ballistic missile capa- 
bility also could be used to destroy quickly, at the onset of hostilities, 
Europeairbased nuclear forces and storage facilities, further blunting NATO's 
flexible response capability. 

An effective defense against ballistic missiles would offer a means of 
surmounting the Soviet ballistic missile challenge. Such defenses would in- 
crease significantly Soviet uncertainties regarding whether their weapons 
would penetrate the defenses and destroy crucial military targets. Lacking 
confidence In its ability to conduct a successful attack under these circum- 
stances, the Soviet Onion would be far less likely to contemplate such an 
attack, even during a crisis. By reducing at effectively eliminating the 
military utility of ballistic missiles, defenses also would reduce or elimi- 
nate the destabilizing threat of first-strike attack. 

la effectively countering ballistic missile threats against the U.S., 
such defenses would strengthen the credibility of U.S. extended deterrence 
and SATO's flexible response strategy by reducing U.S.. vulnerability to 
attack. But the contribution that ballistic missile defenses can make to 
flexible response does not end here* By reducing or eliminating the ability 
of shorter-range Soviet ballistic missiles to strike rapidly European NATO 
military assets essential to effective resistance to Soviet nuclear or con- 
ventional force aggression in Europe, such defenses also could enhance the 
ability of the U.S. to maintain an effective flexible response strategy in 
Europe. They thereby could increase- deterrence against Soviet nuclear or 
conventional force attack iis .-tisst' region and strengthen the coupling between 
0,S. and NATO forces. 

'NATO always has been a defensive alliance, eschewing the aggressive 
use of force against other states and rejecting the deployment of military 
forces that could support an aggressive policy. Thus, SDI is more than just' 
consistent with the military requirements of the Alliance, Because it em- 
bodies a defensive purpose, it also is consistent with the Alliance's defen- 
sive 1 philosophy. 

Just as deterrence against attacks directed at the U.S. and its Euro- 
pean Allies, could be enhanced by effective defenses against ballistic mis- 
siles, such defenses also would deter attacks against other important Allies 
of the United States.. This is especially true of those Allies for whom 
Soviet ballistic missiles constitute the primary threat they face. 
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1.2.3 INDEPENDENT NUCLEAR DETERRENTS AlfD SOI 

Related to the maintenance of iieterter.ee in Europe today are the inde- 
pendent deterrent forces possessed by trance and the United Kingdom. These 
forces, as well as those of the U.S., are potentially affected by on-going 
Soviet ballistic missile defense efforts. 

Bhile much of the Soviet effort in this area has been consistent with 
the ABM Treaty : , one significant program— the -constriction of a large phased- 
array radar near Krasnoyarsk— constitutes a violation of a key provision of 
the Treaty. In addition, the Soviets also probably have violated the Treaty 
prohibition on testing SAM air defense components in an ABM mode by conduct- 
ing concurrent operations of SAM and ABM components. Also the development of 
the new ABM system mentioned above, represents a potential violation of re- 
strictions on mobile ABM components. The sum of Soviet activities suggests 
that the Soviet Onion may be preparing an ABM defense of its national terri- 
tory— an activity prohibited by the ABM Treaty. 

The extent of the Soviet ballistic missile defense effort, the persis- 
tence of the effort (the Soviet program, including that part that is devel- 
oping advanced ABH technologies, has been in existence for many years and 
substantially predates SDI), Soviet willingness to violate the ABM Treaty, 
and the fact that Soviet military doctrine places great emphasis 00 superior 
defensive capabilities of all types as veil as on superior offensive forces, 
stand as convincing evidence that the Soviets are positioning themselves to 
deploy wide-spread ballistic missile defenses, should they deem such 'defenses 
to be in their interest. This inclination exists independent of U.S. ballis- 
tic missile defense activities and is largely unaffected by them. 

Soviet doctrine and ballistic missile defense activities will have a 
continuing impact on French and United Kingdom nuclear forces as well as on 
those of the D.S., quite independent of SDI research efforts. In this re- 
gard, the presence of an active U.S. SDI research program may reduce sub- 
stantially any Inclination to break-out (or creep out) of the ABH Treaty. A 
break-out from the ABM Treaty would be useful to the Soviets in the long-term 
only if the benefits could be exploited unilaterally. An active SDI program 
would provide an effective hedge against such unilateral Soviet options. 

A.2,4 BUDGETARY IMEUCATIMS 

Beyond the question of the cost of the SDI research program itself 
(estimated to be approximately S26 billion over the next five years), the 
potential budgetary impact of SDI on the U.S. or its Allies, if defensive 
deployments are made, cannot be assessed at this time. 

Also difficult to assess at this point, but with real potential 
budgetary and financial impact, is the degree to which the SDj research 
program will further our understanding of a wide range of technologies with 
general military and commercial application. Due in large part to the fact 
that these technologies could provide budgetary and financial benefits far 
beyond what one might otherwise expect from a military technology research , 
program, many of the Allies have expressed an interest in active partici- 
pation in the SDI program. 



APPEHDIX B 
THE STRATEGIC DEFENSE INITIATIVE (SDI) AND THE ABM TREATY 

B.l COMPLIANCE OF THE. STRATEGIC DEFENSE. INITIATIVE WITH THE ABM TREATY 

B.I.I INTRODUCTION AND SCOPE 

The following addresses "... Che status, from Che present year to cora~ 
pletion, of each Program, Project and Task under the Strategic Defense Ini- 
tiative and. related programs with respect to compliance with the ABM Treaty." 
The likely need for modification to Che AM Treaty to proceed beyond the SDI 
research program is discussed, Xhe existing process for ensuring compliance 
with Strategic Arms LMtation (SAL) Agreements, including organizational 
responsibilities and reporting processes and their application to SDI and. the 
ABM Treaty, is also described. 

The President's Strate ^c jjefe ns e J M January 1985, eakes 

clear that SDI is a research program. It states: 

• "The President announced bis Strategic Defense Initiative in his 
Hsrch 23, 1983, address to the nation. Its purpose is to idenr 
tify ways to exploit recent advances in ballistic missile defense 
technologies that have potential for strengthening deterrence and 
thereby increasing our security and that of our Allies. The pro- 
graa is designed to answer a number of fundamental scientific and 
engineering questions that must be addressed before the promise 
of these new technologies can be fully assessed. The SDI re- 
search program will provide to a future President and a future 
Congress the technical knowledge necessary to support a decision 
in the early 1990s on whether to develop and deploy such advanced 
defensive systems." 

• "As a broad research program, the SDI is not based on any single 
or preconceived notion of what an effective defense system would 
look like. A number of different concepts, involving a wide 
range of technologies, are being examined. No single concept or 
technology has been Identified, as the best or the most appro- 
priate. A number of nonnuclear technologies, hold promise for 
dealing effectively with ballistic missiles." 



There are three major points to be made regarding. United States Policy 
on compliance with the ABM Treaty. 

First, Che SDI research program is being conducted in a manner fully 
consistent with ail U.S. Treaty obligations. The President has directed that 
the program be formulated in a fully compliant manner and the DoD has planned 
and reviewed the program (and will continue to do so) to ensure that it re^- 
mains compliant. Specifically, our review has found that the research neces- 
sary to support a decision on the potential utility of the SDl technology can 
be conducted in accordance with U.S. Treaty obligations. 

M 



Second, because there are gray areas that are not fully defined in the 
ABM Treaty, it is necessary in some cases to set additional standards to .make 
certain that the U.S. is in compliance.* This review has been conducted 
using reasonable standards of U.S. compliance. Four of the more important 
working principles of this review are that: 

* Compliance must be based on objective assessments of capabilities 
which support a single standard for both sides and not on subjec- 
tive judgments as to intent which could lead to a double standard 
of coapliance. 

* The ABM Treaty prohibits the development, testing, and deployment 
of ABM systems and components that are space-based, air-based, 
sea-based, or stabile land-based. However, that agreement does 
permit research short of field testing of a prototype ABH system 
or component. This is the type of research that will be con- 
ducted under the SDI program. 

* Sew technologies and devices should not be subjected to stricter 
standards than have evolved for existing systems. 

» The ABM Treaty, cf course, restricts defenses against strategic 
ballistic missiles; it does not apply to defenses against non- 
strategic ballistic missiles or cruise missiles. 

Third, this report does not consider Soviet violations of the ABM 
Treaty, We do reserve the right to respond to those violations in appro- 
priate ways, some of which nay eventually bear on the Treaty constraints as 
they apply to the united States. The Baited States Government must guard 
against permitting a double standard o£ compliance, under which the Soviet 
Government would expect to get a»ay with various violations at arras agree- 
ments while the 0,S, continues to abide with all provisions. 

B.1.3 OvEBAIl COMPLIANCE ASSESSMENT 

The entire SDI research program as submitted in the TL 1986 authoriza- 
tion request is being conducted in compliance with the ABH Treaty. The SDI 
program consists of near-terra technology research projects and longer-term 
technology experiments, the technology research projects directly support 
the experiments by providing the necessary technologies. These near-tera 
technology research projects and tasks are well defined and clearly com- 
pliant. The major technology experiments to be conducted in later years are 
helflg planned to be fully compliant. These experiments are designed to 
demonstrate technical feasibility > that can be established without involving 
ABM systems or components or devices with their capabilities. Thus, com- 
pliant space-based as well as fixed land-based experiments are possible. 



An example is the issue of components versus subcomponents, ABM components 
are defined in the Treaty as currently consisting of ABM missiles, launch- 
ers, and radars. Subcomponents, which are not limited by the Treaty are not 
defined by the Treaty. 



The SDI research program can be -conducted in a fully compliant manner 
to reach a decision point in the early 1990s on whether to proceed to de- 
velopment and deployment of an: SDI-related system. The compliance evaluation 
.process is an pirgoing one, as current programs become better defined, new 
programs are added, and some programs are eliminated or modified. Develop- 
ment and deployment, given a decision to proceed, would almost certainly re- 
quire modifications to the ABM Treaty. The ABM Treaty provides for possible 
amendments at any time and five year review sessions during which possible 
changes can also be discussed. Also, Article Xv" (2) provides a right to 
withdraw from the Treaty, In this connection, during the negotiations Gerard 
Smith stressed the importance the U.S. Government attaches to achieving 
agreement on more complete limitations on strategic offensive arms following 
agreement on an ABH Treaty and the interim SALT Agreement. He stated: 

"If an agreement providing for more complete strategic offen- 
sive ans limitations were not achieved in five years, U.S. 
supreme Interests could be jeopardized. Should that occur, 
it would constitute the basis for withdrawal f ros the ABK 
Treaty." 

B.1.4 EXISTIKG COMPLIANCE PROCESS FOR SDI 

DoD has in place an effective compliance process (established in 1972 
after the signing of the SALT I agreements) ,. under which key offices ia DoD 
are responsible for overseeing and will continue to oversee SDI coapliance 
with all existing strategic arms control agreements. Under this process the 
SDIO, the relevant Agencies and Services ensure that the implementing program 
offices adhere to DoD Coapliance Directives and guidelines. 

Specific responsibilities are assigned by DoD Directive 5100.70, 
9 January 1973, Implementation of SAL Agreements , the Under Secretary of 
Defense for Research and ■Engineering (USDRE) ensures that all DoD programs 
are in compliance with existing SAL agreements. The Service Secretaries, 
Chairman JCS and Agency Directors ensure the internal compliance of their 
organizations. The DoD General Counsel provides advice and assistance with 
respect to the implementation of the compliance process and interpretation of 
SAL agreements. 

DoD Instruction S-5100.72 establishes general instructions, guides 
lines, and procedures for ensuring the continued compliance of all DoD 
programs with the existing agreements. Under these procedures questions of 
interpretation of specific agreements are to be referred to the USDRE to be 
resolve.d on a case-by-case basis. No project or program which reasonably 
raises an issue as to compliance can enter into the testing, prototype 
construction, or deployment phases without prior clearance from the USDRE.. 
If such a coapliance issue is in doubt, USDRE approval shall be sought. In 
conjunction with the DoD General Counsel, the USDRE applies the provisions of 
the agreements,, as .appropriate. Military departments, and DoD Agencies aire to 
certify internal compliance quarterly and establish internal procedures and 
offices to monitor and ensure internal compliance. 

As a new agency, SDIO was instructed to submit quarterly reports 
certifying its compliance and to monitor its projects, as required of other 
DoD Agencies. The Services are to ensure that SDI projects under their 



auspices ate monitored and implemented in a. Treaty compatible manner. They 
ace Co include SDI compliance in the quarterly reports they submit under 
DODI S^5100.72. 

B.1.5 CATEGORIES OF TREATY COMPLIANT ACTIVITIES 

There are three basic types of activity that are permitted in com- 
pliance with the ABM Treaty. The SDI major experiments described in a later 
section have been classified according to these categories. 

Category 1 - Conceptual Des ign or Laboratory Testing . This activity 
precedes "field testing" and was considered during the ABM Treaty negotia- 
tions to be research that was not verifiable by National Technical Means 
(NTM) and that was not subject to Treaty limits. In testinony provided to 
the Senate Armed Services Committee in 1972, Gerard Smith presented the 
following statement: 

"The SALT negotiating history clearly supports the fol- 
lowing interpretation. The obligation not to develop 
such systems, devices, or warheads would be applicable 
only to that s>age of development which follows lab- 
oratory development and testing. The prohibitions on 
development contained in the ABM Treaty would start at 
that part of the development process where field test- 
ing is Initiated on either a prototype or breadboard 
sodel. It was understood by both sides that the pro- 
hibition on 'developaent' applies to activities in- 
volved after a coaponent moves from the laboratory 
developaent and testing stage to the field testing 
stage, wherever performed. The fact that early stages 
of the developaent process, such as laboratory testing, 
would pose probleas for verification by National Tech- 
nical Means is an iaportant consideration in reaching 
this definition. Exchanges with the Soviet Delegation 
made dear that this definition is also the Soviet 
interpretation of the tern 'development'." 

Category 2 ..- "Field Testing", of Devices that Are Not ABM Components or 
Prototypes of ABH Components . As noted earlier, Article V prohibits the de- 
velopment, testing, and deployment of ABH systems or components that are 
space-based, sea-based, air-based, or mobile land-based* 

The Smith statement shows it was clear In 1972 that "development" 
begins when "field testing" is initiated on either a "breadboard model" or 
"prototype" of an ABH component. This definition of "development" was used 
as a basis of ratification by the Senate and has been used as a U.S. Govern- 
ment standard for the last thirteen years. The definition of "development" 
coupled with Article V led to the prohibition on "field testing" of "ABM 
systems" and "components", or their "prototypes" and "breadboard models"; 
which are other than fixed land-based, SDI "field tests" of space- or other 
mobile-based devices cannot involve ABM "components" or "prototypes" or 
"breadboard models" thereof. All SDI Cateogry 2 experiments must meet this 
criteria. 



"ABB system and components" are defined in Article II as follows: 

"For the purpose of this treaty an ABM system is a system 
to counter strategic ballistic missiles or their elements 
in flight trajectory, currently consisting of i (a) ABM 
interceptor missiles, which are interceptor missiles con- 
structed and deployed for ah ABM role, or of a type 
tested 1b an ABM mode; ft) ABM launchers, which are 
launchers constructed and deployed for launching ABM in- 
terceptor missiles; and (c) ABM radars, which are radars 
constructed and deployed for an ABM role, or of a type 
tested in an ABM mode." 

So space-based, air-based, sea-based or mobile land-based launchers, 
Interceptors, and radars may he "tested in an ABM mode". Toward this end, an 
interceptor missile is considered to be "tested in an ABM mode" if it has 
attempted to intercept (successfully or not) a strategic ballistic missile or 
its elements ia flight, likewise a radar is considered to be "tested in an 
ABM mode", if it performs certain functions such as tracking and guiding an 
ASM interceptor missile or tracking strategic ballistic missiles or their 
elements in flight in conjunction with an ABM radar which is tracking and 
guiding an ABM interceptor missile. "Strategic ballistic missiles or their 
elements in flight" include ballistic target-aissiles with the flight 
characteristics of strategic ballistic missiles or their elements over the 
portions of the flight involved in testing. 

Category 2 experiments must also meet the obligation of Article VI jot 
to give non-ABM launchers, missiles, or radars the capability to counter 
strategic ballistic missiles or their elements in flight trajectory. AJlorad 
Category 2 activities include tests of experimental devices to demonstrate 
technical feasibility and gather data prior to reaching the stage of prote-' 
type or breadboard model of an actual ABM component or weapon system. Tests 
of ABM sub-components and non-ABM systems performing functions consistent 
with Treaty obligations (such as air defense and early warning) are also 
legitimate Category 2 activities. 

Category 3 - "Field testing' of Fixed land-Based ABM Components . 
"Field Testing" of fixed land-based ABM components or systems is permitted as 
long as other Treaty provisions are met. Under Article 1? all tests must 
take place at agreed ABM test ranges (for the U.S., White Sands Missile Bange 
and Kwajalein Missile Bange) and the total test launcher count must not ex- 
ceed 15. Paragraph 2 of Article V addresses limits on launcher capabilities 
as follows: 

"Each party undertakes not to develop, test, or deploy ABM 
launchers for launching more than one ABM interceptor mis- 
sile at a time from each launcher, nor to modify deployed 
launchers to provide them with such a capability, nor to 
develop, test, or deploy automatic or semi-automatic or 
other similar systems for rapid reload of ABM launchers." 

An Agreed Statement adds the prohibition on "delivery by each ABM interceptor 
missile of core than one Independently guided warhead" to Article V". 



Summary . The SDI projects and experiments have been reviewed to en- 
sure that they will be implemented in accordance with one of the three cate- 
gories of treaty compliant activities. The Services and the SDIO are obli- 
gated to plan and implement them in a compliant manner. In this assessment 
many of the SDI devices do not use traditional technology, but are "based on 
other physical principles" (such as lasers). In these cases they were 
reviewed by considering their capability to substitute for traditional ABM 
components,, whether they will be "tested in an ABM mode" by analogy to the 
requirement for interceptors., launchers, and radars, and the intended use of 
the device In the experiment ♦ 



B.1.6 COHPLIAHCE ASSESSMENT 

The entire SDI program has been reviewed for compliance with the ABM 
Treaty. The bulk of the near-term effort consists of technology research 
efforts that support the fifteen major experiments to be conducted by the SDI 
Program. These technology research projects have been reviewed for com- 
pliance. The fifteen major experiments and their basis for compliance (ten 
are in Category 1 or 2 and five are in Category 3) ate sus&acized below: 

Category 1 and 2 Major Experiments . The ten experiments in these two 
categories involve devices that are not ABM components or prototypes thereof. 
These include the four Directed Energy ffeapon (DEW)-related experiments and 
six Surveillance, Acquisition, Tracking and Kill Assessment (SATKA) and 
Kinetic Energy Reasons (KEtf) experiments. 

The four Directed Energy Weapon experiments are the ALPHA/LODE/LAMP, 
TALON GOLD replacement > integration of a high posered laser and optical 
devices, and the Ground-Based laser Uplink. The Surveillance, Acquisition, 
Tracking and Kill Assessment projects include the Boost Surveillance and 
Tracking System Experiment, the Space Surveillance and Tracking System 
Experiment, and the Airborne Optical Adjunct Experiment. The Kinetic Energy 
Weapons projects include Spacer-Based Kinetic Kill Vehicles Experiment and 
land-based and space-based Electromagnetic Railgun Experiments. 

ALPHA is a ground-based laser device designed to explore the potential 
ot chenical lasers for space-based applications. The Large Optics Demonstra- 
tion Experiment (LODE) and LODE Advanced Mirror Program (LAMP) are to demon- 
strate critical beam control and optics technologies, respectively * in a ser- 
ies of ground-based experiments. The LODE/LAMP mirror is to be integrated 
with a high power chemical laser using LODE beam control technology in the 
late 1980s. All of these tests are under-roof experiments using devices in- 
capable of achieving ABM performance levels. (Category 1) 

The newly constituted Acquisition, Tracking and Pointing (ATP) demon- 
stration program replacing Talon Gold will concentrate on a series of ground- 
based, laboratory-level experiments in the near term. In these experiments, 
hrasshoard hardware built under the TALON GOLD project will demonstrate, with 
increasing degrees of difficulty, technologies required for ATP of weapons 
and senaora for space- and ground-based applications. In the future, the 
measurement of booster pluses from space is a distinct possibility. The 
previously designed pointer say he built for use as a stable platform for 



such experiments- with passive sensors in the Shuttle bay. If conducted these 
experiments Bill use technologies which ate only part of the set of technolo- 
gies ultimately required for an ABM component. These devices will also not 
be capable of achieving ABM performance levels. Follow-on experiments may 
make use of the shuttle to explore pointing and tracking technology, ijheh 
they are defined, they will be reviewed to ensure they are in compliance. 
(Category 1/2) 

laser and optical subsystems from other programs sill be integrated 
into an experimental device for ground-based testing against ground-based 
static targets at the Shite Sands Hissile flange. This will demonstrate, in a 
ground test, the efficient integration of important subsystems, which 
(separated or in whole) are not ABM components or prototypes and are not 
capable of being based in space. The power, optics, and laser frequency are 
not compatible with atmospheric propagation at ranges useful for ABM 
applications. Tests are not planned against missiles or their elements in 
flight. (Category 2) 

The Ground-Based Laser uplink experiment is for atmospheric propaga- 
tion experiments using a treaty compliant ground-based laser, the testing 
mode and capabilities are below the power level and bead quality requited for 
a ground-based laser ABH weapon, and testing sill not include strategic 
ballistic missiles or their elements in flight. (Category 2) 

The Boost Surveillance and Tracking System (BSTS) Experiment is a 
space-based experiment (which is not fully defined) to demonstrate tech- 
nology capable of upgrading the current satellite early warning system. 
This experiment will, if successful, also permit a decision to be made on the 
applicability of more advanced technology for ABH purposes. The BSTS ex- 
perimental device will not be a prototype of an ABH component. The BSTS 
experimental device will be limited in capability so that it cannot substi- 
tute for an ABH component, but will be capable of performing early warning 
functions. For example, the experimental devices may measure the signatures 
of booster plumes, but not in real time. Other capabilities may be limited 
as well. (Category 2) 



The space-based Space Surveillance and Tracking System Experiment 
(which is not fully defined) is to demonstrate technology capable of upgrade 
ing the current space surveillance assets and will also permit a decision to 
be made on the applicability of more advanced technology for ABH purposes. 
This experiment will demonstrate the collection of tracking and signature 
data on a number of space objects. The capabilltes of any demonstration 
satellites will be significantly less than those necessary to achieve ABM 
performance levels or substitute for an ABH component. 
(Category 2) 

The Airborne Optical Adjunct (AOA) Experiment will demonstrate the 
technical feasibility of using optical sensors on an airborne platform (late 
1980s). The AOA experimental device (a passive sensor) will not be capable 
of substituting for an ABM component due to sensor and platform limitations. 
As- part of the feasibility demonstration, the AOA experimental device is to 
observe ballietic missile tests at agreed ABM Test Ranges. (Category 2) 



The purpose of the space-based Kinetic Kill Vehicle project (which is 
not fully defined) is to prove the feasibility of racket propelled projectile 
launch and guidance. This sxperiment will, if successful, demonstrate a 
capability to defend against anti-satellite interceptors and will also permit 
a decision to be made on the applicability of more advanced technology for 
ABM purposes. The demonstration hardware will not be as ABM component, will 
not be "capable of substituting for an ABM component" and will not be "tested 
in an ABM node". To ensure compliance with the ABM Treaty the performance of 
the demonstration hardware will be limited to the satellite defense mission. 
Intercepts of certain orbital targets simulating anti-satellite weapons can 
clearly be compatible with this criteria. Intercepts of strategic ballistic 
missiles or their elements is flight would clearly not he permitted. 



The Ground-Based Railgun Experiment (which is not fully defined) is 
intended to validate the potential of devices of this type. Several types of 
projectiles will be fabricated to deaoiistrats that they c^n fee successfully 
launched from these guns. The test devices will cot be ABM coaponencs arid 
will not have A3M capabilities. They will demonstrate Che capability to 
launch unguided aad guided projectiles and aili not involve "testing in an 
ABM mode". (Category 1) 

The space-based Hailgun Experiaen^ (which is not fully defined) will 
demonstrate space-based operation of a railgun devi'K. In addition to 
showing that devices of this type can operate in space. tLess experiments 
aill demonstrate guidance sad control of projectiles, This experiment will, 
if successful, demonstrate a capability to defend against ahti-satallite 
interceptors and will also permit 3 8ecisioo to be nade on the applicability 
of more advanced technology for ABM purposes. Specific performance paras- 
etars for the experiments will be established to satisfy Treaty compliant 
guidelines. (Cateogry 2) 

^.^g ^..3 . in ^pe £ iments. Five of the planned experiments involve tests 
of fixed ground-based "ABM components" at an identified ABM Test Range. 

The High Eedoatoospheric Defense Interceptor (HED1) project is to de- 
monstrate the capability to intercept and negate strategic ballistic aissile 
warheads within the atmosphere. This is an allowed test of a nonnuclear 
interceptor aissile* Flight tests will be performed at agreed test ranges. 
All flight tests will be from fixed ground-based launchers without the 
capability of being rapidly reloaded or launching more than one interceptor 
missile. The interceptor missiles will not be capable of delivering more 
than one independently targetable warhead. All activity will be conducted in 
a manner permitted : by the ABM Treaty. (Category 3) 

The Exoatmospheric Reentry-Vehicle (RV) laterceptor Subsystem (ERIS) 
is intended to engage incoming RVs above the atmosphere. This is an allowed 
test of a nonnuclear interceptor missile. All interceptor missile flight 
tests are to be conducted from fixed ground-based launchers at agreed test 
ranges. The planned flight tests include missile integrity launches and 
various homing and intercept flights with and without targets. Fixed ground- 
based launchers will be incapable of launching more than one interceptor mis- 
sile and will not be rapidly reloadable. The ERIS interceptor missile will 



not be capable of delivering more char.' one independently getable warhead. 
(Category 3) 

The Terminal Imaging Radar (TIR) will be an ABM radar "tested in the 
ABM mode" in full compliance with the terms of the ABM Treaty. It will be 
tested at a designated ABM test range from a fixed, land~based platform. TIR 
will be permanently installed in an existing radar building and will require 
this building for structural support. TIR. will perform target pre^commit 
discrimination arid handover to the interceptor missiles. (Category 3) 

the Long Wavelength Infrared (LHIR) Probe is planned to use a ground- 
launched, LWIR sensor in a feasibility demonstration experiment. All tests 
will be conducted from a fixed, land~based launcher at an agreed test range. 
Ii ISIR Probe (after it is tetter defined) is considered an ABM component* it 
must be fixed, land-based and be tested only at agreed test ranges. 
(Category 3) 

The integrated demonstration will validate the integrated capability 
of the Terminal Imaging Radar, High Endoatsospheric Nonnuclear Interceptor, 
and associated Command^ Control, and Communications systems to perform, ter- 
minal defense engagements. In this demonstration, strategic ballistic mis- 
siles will be intercepted iii flight. This is permitted tinder the Treaty 
provided that the "ABH components" are fixed, land-based and provided that 
aultip'ie iKinch, rapidly reloadable and independently guided warhead re- 
strictions are met. Flight tests of ABM interceptor missiles are to be 
conducted at agreed test ranges from fixed ground-based launchers. 
(Category 3) 



APPENDIX C 
THE STRATEGIC DEFENSE INITIATIVE (SDI) AND OTHER STRATEGIC DEFENSE ACTIVITIES 

C.l SOVIET .STRATEGIC DEFENSIVE CAPABILITIES 
C.X.I 



The following deals with the Congressional requirement for a report on 
"...the current and future responsibilities of Soviet strategic defense 
forces, including ballistic missiles, space and air defense systems (includ- 
ing space-based and directed energy weapons and components), strategic anti- 
submarine warfare, internal defense and civil defense measures, and the 
political, military, strategic and budgetary implications of these forces for 
the United States and its Allies." 

C.1.2 IMPLICATIONS OF SOVIET DEFENSIVE MEASURES 

The inplications of Soviet defensive measures for the viability of 
U.S. and Allied deterrent capability are great. With an extensive Soviet air 
and civil defense capability already in existence— a capability that is 
continually being upgraded, both quantitatively and qualitatively— and an 
extensive program to harden their ICBH silos (far above the strength of 
Mlnuteaan silos), launch facilities and Icey (T and leadership bunkers, the 
Soviets are well on their way toward establishing a credible active and 
passive defense capability. These developments are particularly aeanlngful 
when viewed in conjunction with the extensive Soviet build-ap of modern, 
accurate -ballistic missiles of both intercontinental and shorteirrange that 
are being deployed in numbers sufficient to convey a first-strike capability. 
It Is to redress the imbalance created by these Soviet efforts that the U.S. 
is pursuing its strategic- and Intermediate^range modernization programs. 

The Soviet Union has long maintained an extensive ballistic missile 
defense research, development and deployment program. This program iocludes: 
new AM deployments near Moscow including deployment of improved long-range 
and new short-range interceptor missiles and a new sophisticated radar; 
development of components for a new ABM system, designed to be deployable at 
sites requiring little or no preparation, and that could support a breakout 
from the ABM Treaty should the Soviets choose to do so; development of a new. 
air defense missile system, the SA-X-12, which is both a tactical surface-to- 
air missile (SAM) and an antitactical ballistic missile and which may have 
the potential to intercept some types of intercontinental-range ballistic 
missiles; and research and development on advanced weapons technologies — such 
as lasers and neutral particle beams— with application to ballistic missile 
defense, as well as antisatellite systems. 

If the Soviet Onion were to develop and deploy an effective defense 
against ballistic missiles, in conjunction with its continually improving air 
and civil defenses, and if the U.S. and its Allies did not have similar 
options to exercise in response, deterrence of Soviet aggression would be 
very seriously underminded. This point is too clear to require elaboration. 



Because of Che importance that Soviet doctrine attaches to defensive 
forces and the fact that arias control cannot necessarily be seen as a useful 
means of diverting Soviet effort away from further work on ballistic missile 
defense, it is essential, at the very least, that the U.S. conduct an exten- 
sive research program into the potential of advanced technologies to negate 
the military effectivenss of ballistic missiles. Failure to do so will sub- 
mit the United States and its Allies to the adverse consequences of a cri- 
tical emerging deterrence imbalance. 

The budgetary implications of the Soviet efforts depend significantly 
on whether and when the Soviet Union might decide to exploit the advances 
being made as a result of its research and development programs. However, 
for the hear tera> the budgetary implications are limited primarily to the 
expenditure the U.S. plans to make on the SDl research program over the next 
several years and those on-going expenditures associated with the U.S. pro- 
gram that are designed to maintain the effectiveness of the strategic Triad. 
The new expenditures associated with the SOI program are expected to amount 
to approximately 526 billion over the next five years. This spending will 
not affect funding for the strategic and intermediate nuclear forces and the 
conventional forces to the aaiutenance of an effective deterrent* 

For the longer term, in the event the U.S. and its Allies, and the 
Soviet Union were to decide to begin to deploy defenses against ballistic 
missiles, cost savings from otherwise necessary ballistic missile forces' 
modernization in the next century could help offset the cost of ballistic 
missile defense deployaents. Also, to the extent that taeaalagful reductions 
in ballistic missile forces can be achieved, total ballistic missile defense 
costs could be reduced. 

The aost recent unclassified description of Soviet strategic defense 
and space progress is to be found in Chapter III of Soviet Military Power 
(U.S. Government Printing Office, 1985), and is repeated here for the 
reader's convenience. 



Excerpt from Soviet Military Power, 1985 
Concerning Soviet Strategic Defense and Space Capabilities 

Chapter III 
Strategic Defense and Space Programs 

Strategic defenses are vital to the overall Soviet strategy for nuclear 
war. The operations of Soviet defensive and attack forces, as noted in 
Chapter II, are closely coupled; attack strategies are geared in large part 
to the reduction of the defensive burden. In the Soviet concept of a layered 
defense, effectiveness is achieved through multiple types of defensive capa- 
bilities compensating for shortcomings in individual systems and for the 
likelihood, that neither offensive strikes nor any one layer of defense will 
stop all attacking weapons. The Soviets are making major improvements in 
their deployed strategic defenses and are investing heavily in ABM-related 
developments. 



Soviet. Mili lacy. ..Power 1983 and 1984 outlined the continuing expansion 
into" space of the Soviet drive for military superiority. In the past year; 
some 80' percent of .Soviet space launches have been purely military iri .nature t 
with, much of the remainder serving bo.th military and civil functions, this 
is. an increase from 70 percent in previous, years. The Soviet military space 
program -dominates the USSR's overall space effort* Soviet military doctrine 
establishes requirements for the military space program. 

Laser/ Energy Weapons-. Systems 

Soviet directed-energy development programs involve future Ballistic 
.Missile Defense (BMD) as fell as antisatellite and air-defense weapons 
concepts. 

By the late 1980s, the Soviets could have prototypes for ground-based 
lasers for ballistic missile defense, testing of the components for a large- 
scale deployment systec could begia la the early 1990s, The many difficul- 
ties in fielding an operational system will require much development time, 
and initial operational deployment is not likely in this century. However, 
with high priority and some significant risk of failure, the Soviets could 
skip some testing steps and be ready no deploy a ground-based laser Bfffl by 
the early-to^-mid-iggOs. 

Ground- and space-based particle beam weapons for ballistic missile de- 
fense will be more difficult to develop than lasers. Nevertheless, the 
Soviets have a vigorous program underway for particle beam development and 
could have a prototype space-based system ready for testing in the late 
1990s. 

The Soviets have begun to develop at least three types of high-energy 
laser weapons for air defease. These include lasers intended for defense of 
high-value strategic targets in the USSR, for point defense of ships at sea, 
and for air defense of theater forces. Following past practice, they are 
likely to deploy air defense lasers to complement, rather than replace, i:r 
terceptors and surface-to-air missiles (SAMs) . The strategic defense laser 
is probably in at least the prototype stage of development and could be 
operational by the iate 1980s. It most likely will be deployed in conjunc- 
tion with SAKs in a point defense role. Since the SAM and laset systems 
would have somewhat different attributes and vulnerabilities, they would 
provide mutual support. The shipborne lasers probably will not be opera- 
tional until after the end of the decade. The theater force lasers may be 
operational sometime sooner and are likely to be capable of structurally 
damaging aircraft at dose ranges and .producing electro-optical and eye 
damage at greater distances. 

The Soviets are also developing an airborne laser. Assuming a successful 
development effort, limited initial deployment could begin in the early 
1990s. Such a laser platform could have missions including antisatellite 
operations, protection of .high-value airborne assets, and cruise missile 
defense. 

The Soviets are working on technologies or have specific weapons- related 
programs underway for more, advanced antisatellite systems, these include 



space-based kinetic energy, ground- and space-based laser, particle beam, and 
radiofrequency weapons. The Soviets apparently believe that these techniques 
offer greater promise for future antisatellite application than continued 
development of ground-based orbital interceptors equipped with conventional 
warheads. The Soviets also believe that military applications of directed- 
energy technologies hold promise of overcoming weaknesses iri their conven- 
tional air and missile defenses. 

The USSR's high-energy laser program, which dates from the mid-1960s, is 
much larger than the OS effort. They have built over a half-dozen major R&D 
facilities and test ranges, and they have over 10,000 scientists and engi- 
neers associated with laser development. They are developing chemical lasers 
and have continued to work on other high-energy lasers having potential 
weapons applications— the gas dynaflic laser and the electric discharge laser. 
They are also pursuing related laser weapon technologies, such as efficient 
electrical power sources, and are pursuing capabilities to produce high- 
quality optical components. They have developed a rocket-driven magneto- 
hydrodynamic GfflD) generator which produces 15 megawatts .of short-term 
electric power—a device that has no counterpart in the ffest. The scope of 
the USSR's military capabilities would depend oa its success in developing 
advanced weapons, including laser weapons for ballistic missile defense. 

The Soviets have now progressed beyond technology research, in some cases 
to Eu£ deyelopaent of prototype laser weapons. They already have ground- 
based lasers that could he used to interfere with US satellites. In the late 
1980s, they could have prototype space-based laser weapons for use against 
satellites; In addition, ongoing Soviet programs have progressed to the 
point where they could include construction of ground-based laser antisatel- 
lite (ASAT) facilities at operational sites. These could be available by the 
end of the 1960s and would greatly increase the Soviets' laser ASAT capa- 
bility beyond that currently at their test site at Sary Shagan. They may 
deploy operational systems of space-based lasers for antisatellite purposes 
in the 1990s, if their technology developments prove successful, and they can 
be expected to pursue development of space-based laser systems for ballistic 
missile defense for possible deployments after the. year 2000. 

Since the early 1970s, the Soviets have had a research program to explore 
the technical feasibility of a particle beam weapon in space. A prototype 
space-based particle beam weapon intended only to disrupt satellite elec- 
tronic equipment could be tested in the early 1990s. One designed to destroy 
satellites could be tested in space in the mid-1990s. 

The Soviets have conducted research in the use of strong radiofrequency 
(RF) signals that have the potential to interfere with or destroy components 
of missiles, satellites, and reentry vehicles. In the 1990s, the Soviets 
could test a ground-*based RF weapon capable cf damaging satellites. 

Soviet programs for the .development and application of directed energy 
technologies to strategic defense have been very vigorous- in the past and 
will continue to be so in the future, irrespective of what the US does about 
new strategic defense initiatives, 



In the area of kinetic energy weapons, using the high-speed collision, of 
a small mass with the target as the kill mechanism* the Soviets have a 
variety of research .programs underway. These programs could result in a 
near-term, short-range, space-based system useful fot satellite or space 
station defense or for close-in attack by a maneuvering satellite. Longer 
range, space-based systeas probably could not be developed until the mid- 
1990s or even later. 

Early Warning 

The Soviets maintain the world's most extensive early warning system for 
both ballistic missile and air defense. Their operational ballistic missile 
early warning system includes a launch-detection satellite network, over-the~ 
horizon radar, and a series of large phased-array radars located primarily on 
the periphery of the QSSR. Their early warning air surveillance system Is 
composed of an extensive network of ground-based radars linked operationally 
with those of their Warsaw Pact allies. 

Hie current Soviet launch-detection satellite network is capable cf 
providing about 30 minutes warning of any BS ICBM launch and of determining 
the general area from which it originated. The two over-the-horizon radars 
the Soviets have directed at the BS ICBM fields also could provide thea with 
30 minutes waning of an ICBM strike launched £roa the United States, but 
with somewhat less precision than the satellite network. Working together, 
these two early warning systems can provide more reliable warning than either 
miking alone. 




The next layer of operational ballistic missile early warning consists of 
11 large HEN HOUSE detection and tracking radars at six locations on the 
periphery of the USSR. These radars can distinguish the size of an attack, 
confirm the warning from the satellite and over-the-horizon radar systems, 
and provide target- tracking data in support of antiballistic aisslle (ABM) 
deployments. 

Current Soviet ait surveillance radar deployments include more than 7,000 
radars of various types located at about 1,200 sites. These deployments pro- 
vide virtually complete coverage at medium-to-high altitudes over the USSR 
and in some areas extend hundreds of kilometers beyond the borders. More" 
over, the over-the-horizon radars provide additional warning of the approach 
of high-flying aircraft. Limited coverage against low-altitude targets is 
concentrated in the western USSR and in high-priority areas elsewhere. Since 
1983, the Soviets have begun to deploy two new types of air surveillance 
radars* These radars assist in the early warning of cruise missile and 
bbsber attacks and enhance air defense electronic warfare capabilities. 

The new large phased-array radar for ballistic aissile early warning and 
target-tracking discovered in 1983 in Siberia is still under construction. 
This new radar closes the final gap in the combined SEN BOOSE and new large 
phased-atray radar early warning and tracking network. Together, this radar 
and the five others like it form an arc of coverage froa the Kola Peninsula 
in the northwest, around Siberia, to the Caucasus in the southwest. The new 
radar violates the 1972 ABM Treaty in that it is not located on the periphery 
of the Soviet Onion, nor is it pointed outward as required by the Treaty. 
Its orientation and function indicate it is for ballistic missile detection 
and tracking— not space object tracking as daisied by the Soviets. The coa- 
plete network of these radars, which could provide target-tracking data for 
4BH deployments beyond Moscow, probably will be operational by the late 



The Soviets nay establish a network of satellites in geostationary orbit 
designed to provide timely indications of ballistic missiles, including 
subnarine-launched ballistic missile (SI3M) launches. Such a network could 
be operational by the end of the decade .. 

The USSR has a strong research and development program to produce new 
early warning and other air surveillance radars as well as to improve exist- 
ing systems. More than 15 types of these radars are currently in develop- 
ment. In addition, the Soviets are continuing to deploy improved air sur- 
veillance data systems that can rapidly pass data from outlying radars 
through the air surveillance network to ground-controlled intercept sites and 
SAM command posts. These systems will continue to be deployed until all 
areas are equipped with them. 

Ballistic Missile Defense 

The Soviets are continuing a major upgrading of their ballistic missile 
defense capabilities. The Moscow missile defenses are being enlarged and 
equipped with a new generation of radars and interceptor 1 missiles. Develop- 
ments aimed at providing the foundation for widespread ABM deployments beyond 



The new SA-X-I2 surface-to-air missile, which incorporates ballistic 
fissile defense capabilities, is nearing operational status, while research 
on directed-energy BHD technology continues apace. 

The Soviets maintain around Moscow the world's only operational ABM 
system. This system is intended to afford a layer of defense for Soviet 
civil and ailitary coikarid authorities in the Moscow area during a nuclear 
war rather than blanket protection for the city itself. Since 1980, the 
Soviets have been upgrading and expanding this system around Moscow within 
the li'adts of the 1972 ABM Treaty* 

The original single-layer Moscow ABM system included 64 reloadable above- 
ground launchers at four complexes for the GALOSH ABM-IB, six TRY ADD guid- 
ance and engagesent radars at each complex, and the DOG HOCSE and CAT HOUSE 
target-tracking radars south of Mo_scow. The Soviets are upgrading this 
systea to the 100 accountable launchers peraitted under the ABM Treaty. When 
completed, the new systeawill be a two-layer defense composed of silo-based, 
long-range, modified GALOSH interceptors designed to engage targets outside 
the atmosphere; siltrbased highrraccelerarion interceptors designed to engage 
targets within the atmosphere; associated engagement and guidance ratters; and 
a new large radar at Pushkino designed to control ABH engagements. The 
silo^based launchers say be reloadable. The first new launchers are likely 
to be operational this year, and the new defenses could be fully operational 
by 1987. 



Moscow Ballistic Missile Defense 




The Soviets are developing a rapidly deployable ABM system to protect 
iaportant target areas in the USSR. They have been testing all the types of 
ABM missiles and radars needed for Widespread ABM defenses beyond the 100 
launcher limit of the 1972 ABM Treaty. Within the next 10 years, the Soviets 
could deploy such a system at sites that could be built in months instead of 
years. A typical site would consist of engagement radars, guidance radars, 
above-ground launchers, and the highracceletatloo interceptor. The new, 
large phased-array radars under construction in the USSR, along with the HEN 
HOUSE, DOG HOUSE, CAT HOUSE, and possibly the Pushkino radar, appear to be 
designed to provide support for such a widespread ABH defense system. The 
aggregate of the USSR's ABM and ABM-related activities suggests that the USSR 
aay he preparing an ABM defense of its national territory* 

In addition, the Soviets are deploying one surface-to-air missile system, 
the SA-10, and are flight testing another, the mobile SArX-12. The SA-X-12 
is both a tactical SAM and antitactical ballistic missile. It may have the 
capability to engage the LANCE and both the PERSHING I and PERSHING II 
ballistic missiles. The SA-10 and SA-X-12 nay have the potential to inter- 
cept some types of US strategic ballistic oissiles as sell. These systees 
could, if properly supported, add significant point-target coverage to a 
widespread ABH deployment. 

Air Defense 

The Soviets have deployed numerous strategic and tactical air defense 
assets that have excellent capabilities against aircraft flying at medium and 
high altitudes. Although their capability to intercept low-flying penetra- 
tors is marginal, they are in the aidst of a aajor overhaul geared toward 
fielding an integrated ail defease system much more capable of low-altitude 
operations. This overhaul includes partial integration of strategic and 
tactical air defeases; the upgrading of early warning and surveillance 
capabilities; the deployment of more efficient data transmission systems; acd 
the development and initial deployment of new aircraft, associated air-to-air 
missiles, surface-to-air missiles, and alrborna warning and control system 
(AWACS) aircraft. 

Over the years, the Soviets have invested enormous resources in their air 
defense systems. This sustained effort has produced an array of weapons 
systems designed for a variety of air defense applications. For example, 
they' have fielded 13 different surface-to-ait missile systems, each designed 
to cover a specific threat regime. 

The Soviets have made significant shifts In the subordination of their 
air and air defense assets. The reorganization has resulted in a streamlined 
organization that merged strategic and tactical air and air defense assets in 
most land border areas of the USSR. The air defense (APVO) interceptors 
became part of a new structure, the Air Forces of the Military District (MD), 
which also Includes most 6£ the assets of the former tactical air armies. 
The Air Forces of an MD include all air assets in their geographic area 
(excluding Strategic Aviation and transport assets). These assets can be 
used either offensively or defensively as the situation requires. The new 
structure improves defensive capabilities, but its most significant impact is 
on the capability to conduct masked offensive air operations. Technological 
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advances in weapons systems and in command, control, and communications have 
made its implementation possible. 

In. .terms of numbers alone, Soviet strategic and tactical air defense 
forces are impressive. Moreover, with the continuing deployment of new 
systems like the SA.-10 SAM and impending deployment of the SA-X-12, these 
numbers are increasing along with capability* Currently, the Soviets have 
nearly 10,000 SAM launchers at over 1,200 sites for strategic defense, along 
with more than 4,000 launch vehicles for tactical SAHs, subordinated to 
nearly 445 launch units. More than 1,200 interceptors are dedicated to 
strategic defense, while an additional 2,800 Soviet Air Forces (SAP) 
interceptors could also be used. Further, the Soviets are continuing the 
MAINSTAY AWACS aircraft program and test and evaluation U underway. The 
MAINSTAY will substantially Improve Soviet capabilities for early warning and 
air combat command and control, especially against low-flying aircraft. The 
MAINSTAY will also provide Soviet air defenses with overland and overwater 
capabilities to detect aircraft and cruise nissile targets flying at low 
altitudes. Additionally, the MAINSTAY could be used to help direct fighter 
operations over European and Asian battlefields and to enhance air surveil- 
lance and defense of the USSR* MAINSTAY production could be about five 
aircraft per year. 

The 1,200 all-weather interceptors assigned to strategic defense are 
primarily based in central air defense regions of the Soviet Union, in 
addition to fighter/interceptors subordinate to the silitary districts that 
are generally located on the periphery of the Soviet Bhion. The interceptor 
force is composed of a wide variety of aircraft with varying capabilities. 

The deployment of the supersonic MiG-M/FOXBOHNl! interceptor, the first 
Soviet aircraft with a true, look-down/sboot-down and aultiple-targec 
engagement capability, continued during 1984. The FOXHOUND, comparable in 
size to the DS F-14 TOMCAT, is deployed at several locations from the 
Arkhangelsk atea to the Par East Military District. More than 70 of these 
aircraft are operational. 

The MiG-25/FOZBAT A/E is a high-altitude, high-speed interceptor that 
comprises approximately one-quarter of the strategic interceptor force. The 
upgrade program of the J0XBAT A to the newer FOXBAT E configuration provides 
a limited look-down radar capability. The remaining FOXBAT A aircraft are 
expected to be modified to the FOXBAT E configuration during 1985* 

The MiG-23/FlOGGER B/G fighter comprises approximately one-third of the 
total strategic interceptor forces. This valuable geometry-wing fighter is 
equipped with a limited look-down radar. The remaining aircraft employed as 
interceptors (the older FLAGON, FIDDLER, and FIREBAR) comprise less than 
one-third of the force. 

Two new fighter-interceptors, the Su-27/FLANKER and the MiG-29/PULCRUM, 
have true look-down/shoot-down capabilities. The FULCRUM, is a single-seat, 
twin-engine fighter similar in size to the OS F-16. First deployments of the 
F0LCRUM to the Soviet Air Force military districts have begun, and more than 
30 are now operational. The FLANKER is a larger, single-seat, twin-engine 
fighter similar in size to the US F-15. Both aircraft have been designed to 
be highly maneuverable in air-to-air combat. 
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The three latest Soviet fighter-interceptor aircraft are equipped with 
two new air-to-air missiles, the AA^9 designed for the FOXHOUND and the AA-10 
designed for the FULCRUM and the FLANKER. The AA-9 is a long-range inissile 
that can be used against low-flying targets; the AA~10 is a medium-range 
missile with similar capabilities * 

The FLANKER and the FULCRUM, as well as the FOXHOUND, ace likely to 
operate under certain circumstances with the new HAI2)$TAY AWACS aircraft. 

Soviet strategic SAHs form barrier, area, and terminal defenses. They 
afford broad coverage for medium- and high-altitude defenses under all 
weather conditions. Jive systems are operational— the SA-1, SA-2, SA-3, 
SA-5, and SA-10. Of these, only rhe SA-10 is capable of defending against 
targets with a smsll radar-cross-section, such as cruise missiles. 

The first SA-10 sire reached operational status in 1980. Nearly 60 sites 
are now operational and work is underway on at least another 30. More than 
half of these sites are located near Moscow. This emphasis on Moscow aad the 
patterns noted for the other 3A-10 sites suggest a first priority on tesdnal 
defense of wartime conaand and control, military, and key industrial com- 
plexes. Over the years, the Soviets have continued to deploy the long-range 
SA-5 and have oodified the system repeatedly. Further deployment and uo~ 
grading of the SA-5 to enhance its capability to work in conjunction with 
low-altitude systems like the SA-10 are likely in the future. 

In keeping with their drive toward eobility as a neans of weapons sur- 
vival, the Soviets are developing a mobile version of the SA-10 SAM. This 
mobile version could he used to support Soviet theater forces but, perhaps 
more importantly, if deployed with the territorial defense forces, it would 
allow the Soviets to change the location of SA^lQ sites in the CSSR. Ths 
Eobile SA-10 could be operational sonetine this year. 

The 1980 air defense reorganization permits efficient integration of 
strategic and tactical SAM systems. Host tactical SAHs are not as range™ 
capable as strategic SAHs, but many have better low-altitude capabilities. 

A nixed and integrated system of aircraft, SAhs, and antiaircraft artil- 
lery (AAA) provides the Soviet Onion with the most comprehensive air defense 
system in the world. Over 4,600 SAM launcher vehicles and 11,500 AAA pieces 
are deployed at regimental through front level, In addition, as many as 
25,000 shoulder-fired SAM launchers are found at battalion and company level 
and with .non-divisional units. The standard air defense for a tank or 
motorized rifle regiment is a battery of SA-9/13 SAMs and ZSU-23/4 self-pro- 
pelled AAA pieces. The SA-9 system, mounted on a wheeled transporter- 
erector-launcher (TEL), is being replaced by the SA-13 on a tracked TEL. A 
follow-un to the ZSU-23/4 is expected shortly. The standard SAM at division 
level is the SA-6 or SA-8 -, although some divisions still have an AAA-equipped 
air defense regiment. A new division-level SAM, the SA-II, i* beginning to 
enter the inventory. It features an onboard radar that increases mobility 
and target-handling capability. The standard weapon at army and front levels 
is the SA-4, soon to be replaced by the SA-X-12. The SA-^X-12 has good low- 
altitude air defense capabilities as well as the ballistic missile defense 
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capabilities noted above. Soviet tactical SAM development is both broad- 
based and active. New tactical SAMs and improvements to older ones ace now 
under development. 

The largest concentration of SAM launchers and AAA pieces—over 8,100— is 
found opposite European NATO; over 4,200 are opposite the Sino-Soviet border 
and in the Far East; there are nearly 700 opposite southwest Asia and: eastern 
Turkey; over 1,300 are in the Strategic Reserve military districts. 

Pas sive jlefense 

Soviet passive defense preparations have been underway in earnest for 
some 30 years and have, over time, expanded from the protection of such vital 
entities as the national Party and government leadership and Armed Forces to 
embrace the territorial leadership* national economy, and general population. 
The Soviets regard passive defense as an essential ingredient of their over- 
all military posture and war planning. In conjunction with active forces, 
the Soviets plan for a passive defense program to ensure the survival and 
wartime continuity of: 

• Soviet leadership; 

• Military command and control entities; 

• war-supporting industrial production and services; 

• the essential workforce; and 

• ss audi of the general population as possible. 

As this program has expanded, elements of it have been designated by the 
Soviets as "civil defense." Use of this term in its normal Western context 
does not convey the full scope of Soviet Civil Defense. 

Extensive planning for the transition of the entire State and economy to 
a wartlae posture has been fundamental to Soviet passive defense prepara- 
tions. The Soviet General Staff and Civil Defense officials have supervised 
the development of special organizations and procedures to implement a rapid 
transition to war and have emphasized the mobilization and protection of all 
national resources essential to the successful prosecution of war and 
recovery. 

The senior Soviet military establishment has also supervised the 30-year 
program to construct hardened command posts and survivable communications for 
key military commanders and civilian managers at all levels of the Party and 
government. Likewise, protective hardening, dispersal, and wartime. produc- 
tion plans for Soviet iedustry have all been coordinated with the wartime 
requirements of the military arid supervised by Civil Defense personnel. The 
protection of the general population through evacuation procedures and 
extensive sheltering in or near urban areas is the most visible aspect of the 
passive defense program. 

The passive defense program reflects the Soviets' belief of their wartime 
need. The wartime management system would be the militarized system of 
-, national administration in which peacetime government bodies become Civil 
Defense components under direct military subordination. This would extend to 
Soviet territorial administration at all levels and to specialized functional 
components such as industrial, transport, power, communications ministries. 



Soviet authorities at all levels would serve as uniformed chiefs of Civil 
Defense and command their respective organizations in a military capacity. 
Soviet Civil Defense thus serves both as a vehicle to administer peacetime 
preparations and training and as the Infrastructure that would keep together 
civil and military bodies in the unified wartime management systems. 

Soviet commanders and managers at all levels of the Party and government 
are provided hardened alternate command posts located^ell away from urban 
ceaters. This comprehensive and redundant system, composed of more than 
1,500 hardened facilities with special communications T is patterned after 
similar capabilities afforded the Armed Forces. More than 175,000 key per- 
sonnel throughout the system ate believed to be equipped with such alternate 
facilities in addition to the many deep bunkers and blast shelters in Soviet 
cities. 
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Soviet passive defense efforts include measures to maintain essential 
production and services even during a nuclear war. Elaborate plans have beei 
set for the full mobilization of the national economy in support of the war 
effort and the conversion to wartime production. Reserves of vital material! 
are maintained, many in hardened underground structures. Redundant indus- 
trial facilities have been built and are in active production. Industrial 
and other economic facilities have been equipped with blast shelters for the 
workforce, and detailed procedures have been developed for the relocation of 
selected .plants and equipment. By ensuring the survival of essential 
workers, the Soviets intend to reconstitute vital production programs using 
those industrial components that can be redirected or salvaged after an 

The annual military and civilian cost of four elements of the program-- 
pay and allowances for full-time Civil Defense personnel; operation of 
specialized military Civil Defense units; construction and maintenance of 
facilities for these units; and shelter construction— is less than 1 percent 
of the estimated Soviet defense budget. If duplicated in the United States, 
these four elements would cost roughly $3 billion annually. The cost of 
construction and equipment for leadership relocation sites over the past 25 
years is between 8 and 16 billion rubles, or $28-56 billion if acquired in 
the tMted States. 

North American Defense Forces 

United States and Canadian interceptor forces assigned to the North 
American Aerospace Defense Comaaad (80SAD) maintain continuous ground alert 
at sites around the periphery of the United States and Canada. Alert air- 
craft intercept ani identify unknown intruders. At present, there are no 
SAHs for US continental air defense. In a crisis, the Air Force, Kavy f and 
Marine Corps could provide additional interceptors. Supported by AWAQS air- 
craft, these forces could provide a limited defense against bomber attacks. 

To meet the increasing Soviet bomber and air-launched cruise missile 
(Ai&i) threats, OS interceptor squadrons assigned to HORAD are being equippe 
with newer more advanced F-15 and F-16 aircraft. These modern fighters will 
provide a look-dovn/shoot-'down capability to detect and engage enemy bombers 
penetrating at low altitudes. The Canadians are upgrading their air defense 
forces with the CF-18. Joint United States and Canadian improvements to 
long-range surveillance include modern microwave radars for the Distant Earl; 
Warning line and over-the-horiston back-scatter radars looking east, west, am 
south. 

Soviet space-oriented military systems pose a threat to the land, sea, 
and air forces of the United States. Some Soviet satellites are designed to 
support targeting of Soviet antishlp cruise missiles launched against US ■ 
surface ships. The US ASAT program, centering on the Air-launched Miniature 
Vehicle, is part of the response to this and similar threats. 

Finally, the tJnited States has called for a research program to explore 
the possibility of strengthening deterrence by taking advantage of recent 
advances in technology that could, In the long term, provide an effective 
defense against ballistic missiles. 



The Soviet .Space Program 

The Soviets believe in the conhined anus concept of warfare in which all 
types of forces are integrated into military operations to achieve the 
desired goals. Space assets play a major role in this equation in the areas 
of antisatollite warfare; intelligence collection; comaand, control, and 
cocEunications; meteorological support; navigational support; and targeting. 
The nilitary support systcas are linked to ground, naval, and air forces 
through earth terminals. Thus, Soviet forces can receive orders and Mot- 
sat ion. via satellite froa comaand headquarters thousands of miles away. 
Their reliance on these, systems is growing. Space weapons also play an 
important role in their strategic operations. 

The late Marshal V. D. Sokolovskiiy Included space in a statement defin- 
ing the modem concept of a theater of military operations. The Soviet drive 
to use space for nilitary purposes is an. integral part of Soviet military 
planning. The Soviet coorbital ASAT system, while launched froa the ground, 
Is a space weapon system. The Soviets also have two ground-based lasers that 
are capable of attacking satellites in various orbits. These systems suggest 
that the Soviets ate willing to use space for nilitary purposes that are more 
ominous than those for which it has been used thus far. 

The Soviets are currently developing a version of the US space shuttle, a 
heavy-lift booster system, a space plane, and directed-energy weapons and 
have engaged in military-related experiments aboard the SALYuT-7 space sta- 
tion. The Soviets continue to pursue their meoned space programs, maintain- 
ing in orbit the SALYUT space station, which, is manned during most of the 
yecr. This gives the Soviets the capability to perform a variety of func- 
tions from space, including military RSD and using man to augment their other 
racoaaaissance and surveillance efforts. In addition, there are other 
(iaveiopnents indicating Soviet research on space-based ballistic missile 



Antisatelite Systems . Since 1971, the Soviets have had the capability to 
attack satellites in near-earth orbit with a ground-based orbital intercep- 
tor. Using a radar sensor and a pellet-type warhead, the interceptor can 
attack a target in various orbits during the interceptor's first two revolu- 
tions. An intercept during the first orbit would minimize the time available 
for a target satellite to take evasive action. The interceptor can reach 
targets orbiting at more than 5,000 kiloceters, but it probably is intended 
for high-priority satellites at lower altitudes. The antisatellite inter- 
ceptor is launched from Tyuratam, where launch pads and storage space for 
interceptors and launch vehicles are available. Several interceptors could 
be launched each day. In addition to the orbital interceptor, the Soviets 
have two ground-based, high-energy lasers with antisatellite capabilities. 
The Soviets also have the technological capability to conduct electronic war- 
fare against space systems and could use their ABM interceptors in a direct- 
ascent attack on low-orbiting satellites. 

Space Boosters . The Soviets currently maintain eight space launch sys- 
tems that are used to place objects in orbits ranging froa low-earth to 
geosynchronous and beyond. They are developing two more systems—a T1TAN- 
Ciass medium-lift launch vehicle and a. SATURN V-Class heavy-lift vehicle. 



Also, they are developing, their version of the US shuttle orbiter, which 
seems almost identical .to its US counterpart, except for the absence of main 
engines. It is estimated that the new heavy-lift vehicles will be used to 
launch their orbiter as well as other large payloads. This vehicle should be 
able to lift as much as 150,000 kilograms to low-earth orbit, giving the USSR 
a tfetflefidous capability to orbit heavy objects, such as the coiponents for a 
targe, manned space complex. The estl&ate for the lediusrlift vehicle is a 
payload capacity of approximately 15,000 kilograms. This system may be used 
to launch their space plane, discussed below. 

Manned Space Progran . the Soviets have emphasized man in space since the 
beginning of their space program. In 1961 they placed the first man into 
orbit. Their SaLiUT space stations have accommodated cosmonauts for extended 
periods, setting several records in the process. In 1984, three cosmonauts 
set a new record, spending 237 days aboard SAlYflT 7. In 1982, two Soviet 
cosmonauts spent 211 days aboard the space station. At the end of 1984, 
Soviet cosmonauts had accumulated 3,691 man-days in space compared to the OS . 
astronauts total of 1,289. In the spring of 1984, Soviet cosmonauts demon- 
strated their capability to perform on-orbit maintenance and repair by con- 
ducting extra-vehicular activity (EVA) five times, gaining valuable experi- 
ence in on-orbit repairs. During one EVA, the cosmonauts added .new solar 
panels to SALYUT 7. During another EVA, the Soviets accomplished another 
space first— a space walk by a female cosmonaut, Svetlana Savltskaya. 

The Soviets have made known their plans to replace SALW 7 with large 
space complexes, supporting 20 or more cosmonauts on a permanent basis. Such 
a complex will enhance their space-based military support and warfighting 
capabilities. Missions could include military R&D, on-orbit repair of 
satellites, reconnaissance,, imagery interpretations, ASAT support operations, 
and ballistic missile defense support operations. Their shuttle orbiter will 
likely be used to ferry cosmonauts to this station as well as to place satel- 
lites in orbit. 

The Soviets apparently have already found some military utility in their 
manned space program. They have stated that "earth surface surveys" were 
conducted during past manned missions, but none of the photographs has ever 
been published. The combination of photographic and other missions aboard 
SALiBT 7 indicates the Soviets are aware of the potential value of manned 
space stations in an actual wartime situation. 

The Soviets have been experimenting with a test vehicle that is apparent- 
ly a scale model of a larger, manned space plane. This vehicle has been 
orbited unmanned on four occasions, landing in water each time. Similar in 
' appearance to the earlier OS Dyna Soar craft, this plane's possible missions 
include reconnaissance, crew transport, satellite repair and maintenance, and 
ASAT operations. It could also he used as a manned space station defender. 
A clue to its purpose is found In a 1965 Soviet definition of antispace 
defense: "A component part of air defense. The main purpose of antispace 
defense is to destroy space systems used by the enemy for military purposes, 
in their orbits. The principal means of antispace defense are special space- 
craft and vehicles (e.gi, satellite interceptors), which may be controlled 
either from the ground or by special crews." 
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The Soviets have openly discussed their plans for ambitious planetary 
exploration in spite of their apparent decision not to match US lunar 
expeditions. In 1992, the condition for a launch to Mars will be favorable, 
and the Soviets ace considering a manned expedition to that planet at that 
time, they have stated that the recent manning of the SALYUT space station 
for increasingly longer periods of time is. to simulate the time it would take 
to conduct a Mars mission. This timeframe also coincides with the 75th 
anniversary of the Bolshevik Revolution and with the 50.0th anniversary of 
Columbus' discovery of the Sew World. Such an expedition would add great 
prestige to the Soviet Union and would further demonstrate the capability of 
its space technology. 

Military ;Space Systems . Soviet space systems dedicated to military 
missions include satellites that perform reconnaissance, missile-launch 
detection and attack warning, command and control, and ASAT operations. 
Dual-purpose satellites that perform some civilian functions jre used for 
communications, navigational support, gad weather prediction and monitoring. 
The OS has no counterpart to Soviet ocean reconnaissance satellites, the 
Electronic Intelligence Ocean Reconnaissance Satellite (EORSAT), or the 
nuclear-powered Radar Ocean Reconnaissance Satellite (RORSAT) . Their mission 
is to detect, locate, and target US and Allied naval forces for destruction 
by antiship weapons launched from Soviet platforms. These systems track 
naval and merchant shipping. Four such satellites were launched in 1984, two 
of which were of the same type (RORSAT) that crashed in 1978, one spreading 
radioactive debris across northern Canada. 

The Soviets have recently employed a new radar-carrying satellite system. 
Designed for mapping ice formations ia polar regions, these satellites will 
greatly enhance the ability of the Soviet Navy to operate in icebound areas. 
The system can be used to aid in. the navigation of northern sea routes to 
assist in coving naval ships from construction yards in the western 3SSR to 
new ports in the Pacific. 

The launch rate of satellites to geostationary orbits has risen in recent 
years. In the period 1974-78, one to two launches per year were conducted. 
In 1979, the rate increased to five per year, and eight launches occurred in 
1984. These satellites are presumed to be for communications, although not 
all may have been for that purpose. The Soviets have filed their intent with 
international organizations to place almost 40 satellites in 21 different 
positions in the geostationary belt* Many of these satellites ate years 
overdue, but the Soviets are apparently determined to fill the announced 
slots. The Soviets are also in the early stages of developing a satellite 
system called GLONASS, which, when fully developed, should provide the 
Soviets with accurate positioning data 'rorldwide. 

For the most part, Soviet satellites do not have lifetimes as long as 
those of their OS counterparts. This is especially true of their recon- 
naissance platforms, necessitating frequent launches of replacements. How- 
ever, the Soviets, have shown great flexibility in maintaining these systems 
In orbit , augmenting them with extra satellites as warranted by changing 
situations. They have demonstrated a launch surge capability that could be a 
distinct advantage in time of hostilities. In 1984, the Soviets orbited a 



This could Indicate a new system or an advanced iodif lcation of : 
demonstrating their Increasing sophistication' and capabilities. 




In. late 1984, a new Soviet auxiliary ship was seen arrayed with extensive 
fadomes and antennae. The ship, named after the first commander of the 
Strategic Rocket Forces, Marshal M.I. Sedelln, appears to be a new space and 
missile support ship capable of a variety of missions, including support to 
strategic forces worldwide. On Its maiden voyage the MEDEL1N transited 
directly from the Baltic to the port of Vladivostok, the headquarters of the 
Pacific Ocean Fleet. This ship will significantly upgrade the Soviet capa- 
bility to test new generations of missiles as well as support the expanding 
Soviet space program. The NEDELIH joins a growing fleet of Soviet space 
support ships that provide assistance to manned and unmanned missions. An 
additional ship of the KEDELIN-Class is under construction. 



C.2 THE MANAGERIAL AND BUDGETARY RELATIONSHIP AMOHGJBE : VARIOUS AMERICAN 
S^ATEGIC PEFENSE^ ACTIVITIES 

C.2, I CONGRESSIONAL REPORTING REQUIREMENTS 

The following is submitted in response to the Congressional request on 
"...the managerial and budgetary relationship among the various American 
strategic defense activities, including the impact of the Strategic Defense 
Initiative on the Air Defense Master Plan, and the impact of the Strategic 
Defense Architecture Study on present and prospective strategic anti-sub- 
isarine warfare programs." 

C.2,2 FOCUS OF THE STRATEGIC DEFENSE INITIATIVE 

The Strategic Defense Initiative is focusing on defenses against „ 
ballistic missiles because the speed, short warning tlae, and great destruc- 
tive capability of ballistic missiles pose a greater threat to stability than 
do slower-flying Systems such as bombers and cruise missiles. 

The technologies that are becoming available today cay offer the 
possibility of providing a layered defease utilizing capabilities which can 
attack ballistic missiles la all stages of their missile trajectory* This 
concept of a. layered defense could be extremely effective by providing 
several opportunities to destroy attacking missile warheads before they reach 
the territory of the United States and that of its Allies. 

C.2,3 DETERRENCE AND STABILITY 

Defeases against ballistic aissiles can have a highly beneficial 
effect on deterrence and stability in three quite specific ways* First, by 
demonstrating the ability to destroy the bulk of an attacker's ballistic 
missile warheads, an effective defense can underline a potential aggressor's 
confidence in his ability to predict the likely outcome of an attack on an 
opponent's tallltary forces. No aggressor is likely to contemplate Initiating 
a nuclear conflict, even in crisis circumstances, while lacking any confi™ 
itence in his ability to obtain a successful outcome. 

Second, with the ability to effectively destroy attacking ballistic 
missiles, and thus rendering then "impotent and obsolete" for military or 
political purposes, such defeases also can eliminate the potential threat of 
first-strike attacks. 

Third, by reducing or eliminating the utility of Soviet shorter-range 
ballistic missiles which threaten Europe, defenses can have a significant and 
specified impact on deterring Soviet aggression in. Europe. Soviet SS-20s and 
shorter-range ballistic missiles provide overlapping capabilities to target 
all of NATO Europe. This capability Is cotnMned with a Soviet doctrine that 
stresses the use of conventionally-armed ballistic missiles to initiate rapid 
and wide-ranging attacks on crucial NATO military assets throughout Europe. 
The purposes of this tactic would be to reduce significantly SATO's ability 
to resist the initial thrust of a Soviet conventional force attack and to 
Impede its ability to resupply and reinforce combatants from outside Europe. 
By reducing or eliminating the military effectiveness of such ballistic 



missiles, defensiva systems have the potential for enhancing deterrence not 
only against strategic nuclear war, bat against nuclear and conventional 
attacks against Europe as well. 

Finally, In conjunction with air defenses, effective defenses against 
ballistic missiles could help reduce or eliminate the apparent military value 
of nuclear attack to an aggressor. By preventing an aggressor from de- 
stroying a significant portion of our country, an aggressor would have gained 
nothing by attacking in the first place. In this way, effective defenses 
could reduce significantly the possibility of nuclear conflict. 

Because an effective defense against Soviet ballistic missiles is the 
more difficult technology to achieve (according to expert scientists and 
engineers) , and because ballistic missiles are potentially more destabi- 
lizing, priority is being given to the examination of those technologies that 
might prove effective against this threat. In view of the current Soviet 
nuclear force structure which emphasizes ballistic missiles, not air breath- 
ing forces, the deployment of a robust air defense system would occur only in 
conjunction with the deployment of an effective defense against ballistic 
oissileSk 

C.2*4 AIR DEFE&SE HASTER PLAN 

The purpose of Air Defense Modernization is to address existing criti- 
cal deficiencies in the U.S. ability to detect and defend against bomber 
and/or cruise missile attacks. The planned objective and on-going thrust of 
Department of Defease North American Air-Defense (NMD) modernization efforts 
is to: field modern radar and related C systems to provide contiguous cov- 
erage around North America; improve fighter interceptor capabilities; and 
kprove operational planning to utilize new resources effectively to ensure 
significantly improved detection, attack assessments and engageaent capa- 
bility. 

Together with Canada, the U.S. is modernizing the obsolete radars that 
provide surveillance of the northern approaches to North America. The new 
radars, known as the North Warning System, will fill gaps in existing cover- 
age, enable the U.S. to detect low-flying aircraft, and he cheaper to main- 
tain than the present system. 

C.2.5 STRATEGIC AIR DEFENSE 

Because it is still In the research phase, the Strategic Defense Ini- 
tiative has a aininjal relationship with the neat-tera air defense improvement 
effort. As we look to the year 2000 and beyond, however, SDI Is expected to 
have a much greater impact. Study efforts will not ignore the relationship 
between' the research of the Strategic Defense Initiative and strategic air 
defense. Strategic >air defense requirements are currently under review and 
continuing progress in the area of the Strategic Defense Initiative will 
permit the addressing of even more comprehensively the interrelationship 
between SDI and strategic air defense. 



C.2.6 ANTI-SUBMARINE WARFARE (ASK) 

One of the principal missions in war is protection of the sea-lines of 
communication which tie thr U.S. to its Allies, U.S. forces, and many of the 
resources essential tc the U.S. economy and to its ability to continue to 
defend the U.S. and its Allies. 

Countering the Soviet submarine threat requires a layered strategy 
that both maximizes enemy attrition and affords a high level of protection 
for U.S. naval forces. "Hie best means of neutralizing enemy submarines is to 
engage them in forward areas and at barriers— before they come within range 
of attacking out forces. For this, the U.S. relies primarily on attack sub- 
marines and longrrange P~3 patrol aircraft supported by undersea surveillance 
systems. Enecy submarines that escape forward sweeps and penetrate the U.S. 
ASH barriers must contend with a layered defensive screen surrounding its 
naval task forces and convoys. Within this layered defense system, long- 
range protection is provided by land- and carrier-based patrol aircraft and 
by attack submarines operating in a direct-support role- At shorter ranges, 
protection is provided by formations of surface combatants equipped with 
passive and active sonar systems and by torpedo-armed antisubmarine heli- 
copters. 

Nuclear-powered attack submarines (SSNs) remain a key element of the 
U.S. ASH defense-in-depth strategy and are an integral part of our forward 
offensive strategy, especially for anti-submarine operations, 

The need to counter the Soviet submarine threat will continue to re- 
main a high priority for the indefinite future. This requirement is gener- 
ally independent of air defense modernization efforts. Recent developments 
do, however, provide one area of common concern. The impending Soviet de- 
ployments of new, long-range nuclear. sea-launched cruise missiles (SLCH) pro- 
vide added importance to our efforts in this key missloa area. The magnitude 
of existing threats frtra Soviet ballistic missiles, however, far exceeds the 
threat from near-" or mid-term SLCH deployments. The U.S. is exploring 
aeasures which could becone aeaningful should it develop an effective defense 
against ballistic missiles, including additional warning and defensive 



C3 THE RELATIONSHIP OF OTHER PROGRAMS WITH SDI 

C.3.1 CONGRESSIONAL REPORTING REQUIREMENTS 

The following deals with the Congressional requirement for a report on 
"...the -relationship of other missile and space defense programs, and other 
directed energy programs, that have not been included in the SDI, with the 
SDI program." 

C.3.2 PROGRAMS WOT INCLUDED IN SDI 

Tables C.l and C.2 are from the Congressional Budget Office Report to 
the Senate Foreign Relations Committee, Subcommittee on Arms Control, Oceans, 
International Operations and Environment, Hay 23, 1984. 



EXAMPLES OP PROGRAMS NO! INCLUDED IN SDI BY THE BROADER DEFINITION 
(IN MILLIONS OF DOLLARS OF BUDGET AUTHORITY) 



ELBE W MM 1984 1985 1986 

6S406F Antlv-Satellite (ASAT) RSD 1 202,7 133,0 149.9 

63226E Mr Defense Surveillance Barning 

(Teal Ruby) 32,2 31.0 25.0 

63401F Research on Satellite Poser and 

Survivability 6*9 9,7 

(Advanced Spacecraft Technology) 



ASAT research and development funds could be regarded as part of a 
comprehensive defensive prpgraa to negate surveillance satellites. ASAT 
technology could be used in the development of a ballistic aissile defensive 
system. 



C.3.3 ASSOCIATED RESEARCH NOT fiiCLUDED IN SDI FUNDING 



EXAMPLES OF ASSOCIATED RESEARCH SOT INCLUDED IN SDI FOTOG 
(IN' MILLIONS OF DOLLARS OP BUDGET AUTHORITY) 

PROGRAM 

EgXSJ KAMB 1984 1985 1986 

63605F Advanced Radiation technology 46.7 5.0 19,7 

62707E Particle Beam Technology 30.9 17,4 2L5 

62307A Laser Weapons Technology 20,0 21.1 21,4 

63424P Missile Surveillance Technology 3,0 11.6 

65806A DoD High Energy laser Facility 37,1 32,8 20.2 



Most of the activities in directed energy weapons have tactical appli- 
cations such as surface-based particle beam research, that was left out of 
SDI since t£ is unlikely that a strategic defensive systen Hill utilize 
surfacr-based particle beam weapons. 

Other activities, such as Missile Surveillance Technology supports the 
Advanced Warning System, which could be part of a strategic defensive system. 
Some of the Aniiy BUB monies outside SDI In FY 1986 seem to be related to SOI 
technology development, but need to be checked out In Descriptive SuMrles. 

w MNC-TEffl COSTS OP STRATEGIC DEFEASES 

C.4.1 COfiGBESSIOHAL REPORIISG REQWRBMI 

Ibis section addresses the Congressional requirement for a report on 
...the projected long-term costs of strategic defenses, Including research 
testing, procurement and operations and maintenance costs on a year-by-year' 
basis of the various systeis and technologies currently In service and under- 
study, 

0.4,2 10SMERH COSTS OF STRATEGIC DEFENSES 

The SDI is a broadly based research prograa that is designed to de- 
termine whether newly merging technologies could support an effective 
defense against ballistic aissiles In the future. At this tine the actual 
capabilities of these technologies are not sufficiently defined to provide a 
sufficient basis on which to fashion a likely defense system configuration. 
Until SDIO has a note complete picture of what an effective defense systea 
might loos like-as veil as the technologies that vould form the constituent 
parts o t such a system-it will not be possible to determine the full range 
of long-tera costs that might be associated nth a potential future strategic 
defense. One of the results of the SDI program sill be the data necessary 
ror an assessment of the long-term costs of a defensive systea. 

At this point, what can be provided is the cost of the research pro- 
gram itself, that is estimated to be approximately 526 billion over the next 
five years, which includes $1.4 billion (appropriated) in FY 1985; S3.7 
billion (requested) in FY 1986; and $4.9 billion (estimated) in FY 1987 
Additional costs that would stem from a decision to enter Into full-scale 
engineering and deployment of a defensive system, as veil as operations and 
maintenance of such a system, vould depend on the particular technologies 
selected, the capabilities of those technologies, the systems in which those 
technologies mild be deployed, and the strategic environment at the tine of 
deployment. Because this information sill not be available until more is 
known about the potential of the technologies Involved and the course of 
future arms control negotiations, long-term defense cost estimates are not 
feasible at this time. 

Cost estimates for currently available defensive systems or compo- 
nents, like the retired Safeguard ABM system or various ABM test radars are 
available, but because these systems bear little resemblance to a potential 
advanced defense system, such estimates cannot provide a useful basis for 
estimates of future advanced defense system costs. Moreover sere the U.S. 
to build a defense system today based on Safeguard and similar technologies; 
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the hardwire, production techniques and costs would likely be substantially 
different from those used over a decide ago. 

The Department of Defease realizes fully the importance of this ques- 
tion and appreciates that it is central to any future national decision 
whether to develop and deploy defensive systeos. As cost estimates are 
generated in the future, they will be made available to the Congress in a 



